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sus_:Space Station Infectious Disease Risks Conference Report

The Biomedical Laboratories Branch oFt_e Medical Sciences Division sponsored a con-
ference to consider the infectious disease risks associated with living and working
in the closed environment of the Space Station. The recommendations formulated dur-
ing the conference have provided valuable guidance in the development of the diag-
nostic microbiology capability and the overall infectious disease prevention program

for Space Station. We would like to express our appreciation to the distinguished

panel members, other participants, and attendees for the success of the conference.
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PREFACE

The Space Station represents the beginning of man's permanent presence in space. A major

NASA programmatic goal is to ensure the health and safety of the crewmembers during the

construction phase and occupation of the station. Because the Space Station Health Maintenance

Facility will provide primary health care for this effort, its design and development must ensure that

all health care needs are met. An infiight diagnostic microbiology capability will be an important

aspect of the Health Maintenance Facility, and the Microbiology Laboratory of the Biomedical

Laboratories Branch is responsible for its development.

Initially, the crewmembers will work and live in the closed, microgravity environment for

90days with no immediate rescue capability. An unscheduled rescue would be expensive and

require approximately 28 days. The Space Station will utilize a closed Environmental Control and

Life Support System with limited capability for removing chemical and biological agents. In this

system, respirable air and potable water will be recycled for crew consumption during Space Station

occupancy. The unique properties of the microgravity environment must also be considered. On

Earth, gravity is an important physical force in reducing aerosols and, thus, the spread of some

infectious diseases. While large particulat_ and droplets .containing microorganisms are removed

from the air in minutes on Earth, these aerosols may remain suspended for hours in microgravity.

Physiological alterations resulting from microgravity, such as fluid shifts, bone

demineralization, and cardiopuimonary deconcli_oning, have been well described. However, the

effects of long-duration exposures to microgravity on microbial pathogenicity, transmission of

infe_'tious agents, and the immune system have not been determined.

The planned 90-day rotation of crewmembers and replenishment of supplies will contribute

to alterations in the microbial flora of the errand the Space Station environment. Life sciences

investigations using biological specimens, as weii as bioprocessing and material processing, will

further impact the environmental microbial load.

The risks of infectious diseases have been considered throughout the history of the space

program, and many preventive measures have contributed to the absence of serious infectious

disease in CTewmembers. Although the risk of infectious disease on board the Space Station cannot

bQ eliminated, it can be minimized through design features and carefully implemented preventive

medicine measures. Inevitably, infectious diseases will occur, but the impact of such diseases will be

reduced by rapid and effective treatment. An appropriate diagnostic microbiology capability will

facilitate a responsive therapeutic regimen. Consideration of these issues serves as the foundation

for the conference proceedi ngs that follow.
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SECTION 1

INTRODUCTION

-\

On October 29 and 30, 1985, the NASA/JSC Biomedical Laboratories Branch (SO4) sponsored a

conference at the Lunar and Planetary Institute to address the impact of infectious diseases on the

habitability of the Space Station. A panel of specialists, representing both the clinical and laboratory

aspects of infectious disease, reviewed current policies and proposed microbiological requirements

related to preventing infectious diseases from endangering crew health. During the two days of

discussion, the panel defined issues critical to crew health and suggested approaches to the

prevention and management of infectious disease. Each attendee was encouraged to voice personal

views and participate fully in the panel discussion.

In particular, the panel members were responsible for four key tasks, summarized below:

(I) Identify the infectious diseases most likely to occur in the Space Station environment.

(2) Define the materials and methods needed in the Space Station Health Maintenance
Facility (HMF) for the diagnosis and treatment of infectious diseases.

(3) Propose procedures and policies to minimize infectious disease occurrences in the Space
Station.

(4) Recommend pre-Space Station studies related to microbiological infectious diseases.

To help panel members better understand the issues to be addressed, an initial presentation

to the group by NASA specialists provided general information relating to infectious disease risks.

For example, working in the Space Station environment will necessitate exposure to microgravity for

a 90-clay period, during which 6 to 12 individuals will be in close contact with each other in the

enclosed environment. Personnel and equipment will be rotated, possibly providing suitable

conditions for buildup of infectious agents. The specialists also informed the panel that, in the case

of an emergency, a rescue would require 28 days.

Additional background information relating to the discussions was presented, including

experience with infectious diseases in prior spaceflights. Extensive and careful medical and

microbiological monitoring indicated infec_ous diseases to be a common problem during previous

flight programs. Initially, this consisted of common infectious diseases such as acute respiratory and

gastrointestinal illnesses (table 1-1). Because of their frequency, a preflight isolation period was

instituted, and no further difficulty has occurred (table 1-2). Other infectious disease events included

skin infections, presumed to be related to problems with space suit humidity and space suit cleaning.
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Astronaut and environmental microbiological sampling revealed an exchange of microorganisms

between astronauts and a quantitative increase in environmental contamination on some occasions.

The final subject presented to the panel related to immunological evaluations. Shuttle

mission postfllght studies have indicated immunological perturbations, most likely related to stress.

How these alterations affect the immunological defense against infectious agents is unknown.

With this background information as a guide, the paRicipants discussed each task issue. From

the deliberations; the panel made recommendations on general requirements and responded to

specific questions. At the concludon of the conference, Dr. Robert 8. Couch, Co-chairman, prepared

a written summary of the panel's consensuson recommendations. This summary plus the minutes of

the panel meetings form the foundation for the discussionsin this report_

With regard to further discussionand development of plans and procedures, the panel agreed

that any research or development should be considered as an operational need and recommended

that a timetable be developed for conducting the research before finat Space Station preparations.

The agenda for this conference is shown in section 2 of this report. A list of the panel

participants is presented in section 3. Section 4 contains a summary of the discussions and

recommendations for each of the four issues to which the panel was tasked to respond. The

partidpants supplemented their comments at the conference with written commentaries, copies of

which are included as appendix A of this report. Some of the materials supplied to the participants

for review prior to the conference are shown in appendix B.
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TABLE 1-1.- OCCURRENCE OF INFECTIOUS DISEASES PRIOR TO IMPLEMENTATION OF THE
PREFUGHT HEALTH STABiUZATION PROGRAM

Number of
Crewmen

Mission Mission Phase Involved Illness

Apollo 7 Inflight 3 Upper Respiratory
Infection

Apollo 8 Pre- and Inflight 3 Gastroenteritis

Apollo 9 Pre- and Posvfiight 3 Upper Respiratory
Infection

Apollo 10 Preflight 2 Upper Respiratory
Infection

Apollo 11 Upper Respiratory
Infection

Apollo 12 Inflight 2 Skin Infection

Apollo 13 Pre- and Inflight 2 Urinary Tract
Infection "

Comments

Influenza A, Hong Kong B,
Streptococcus - G rou p A

Presumably viral

Influenza 8

Influenza

_Dermatitis, scattered staph-like
pustules; S. aureus was
abundant on crew and

spacecraft postflight

Pseudomonas aeruginosa
isolated from urine post'flight

TABLE 1-2.- OCCURRENCE OF INFECTIOUS DISEASES
AFTER IMPLEMENTATION OF THE PREFUGHT

Mission

Apollo 14

Apollo 15

Apollo 16

Apollo 17

Skylab 2

Skylab 3

Skylab 4

ASTP

HEALTH STABIUZATION PROGRAM

Mission Phase
I I I

Preflight

Inflight

Inflight

Number of
Crewmen
Involved Illness

m

Skin Infection

Skin Infection

Skin Infection
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SECTION 2

CONFERENCE AGENDA

INFECTIOUS DISEASE CONFERENCE

Lunar and Planetary Institute

Houston, TX, October 29-30, 1985

Time Remarks Speaker

October 29

1:00 p.m.

1:15 p.m.

1:30 p.m.

2:00 p.m.

2:15 p.m.

3:t5 p.m.

3:30 p.m.

4:00 p.m.

5:00 p.m.

5:30 p.m.

6:00 p.m.

Introduction

Welcome

Space Station Overview

Panel Responsibilities

Anticipated Infectious Diseases in
the Space Station Environment

Break

Proposed Microbiological Support Plan

Discussion

Summation

Adjournment

Reception- Hilton, Nassau Bay

D.L. Pierson

J.P. Kerwin

N.M. Cintron

D.M. Germany

R.B. Couch

Panel

D.L Pierson

Panel

R.B. Couch

October 30

8:30 a.m.

9:00 a.m.

9:15a.m.

10:00 a.m.

10:15a.m.

11:15a.m.

11:45a.m.

12:00 noon

Continental Breakfast at LPI

Vitek Technology

Overview of Health Maintenance Facility

Break

Recommendations for Pre-Space

Station Microbiological Studies

Open Forum

Summation

Adjournment

CE. Stager

J.5. Logan

Panel

All

R.B. Couch
D.L Pierson
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SECTION 3

UST OF PARTICIPANTS

\

Co<hairmen

ROBERT S. COUCH, M.D.

Director, Influenza Research Center

Department of Microbiology and

Immunology

8aylor College of Medicine
Houston, TX

DUANE I_ PIERSON, Ph.D.

Deputy Chief, Biomedical
Laboratories Branch

Medical Sciences Division

NASA-Johnson Space Center

Houston, TX

Participants

JAMES R. DAVIS, Ph.D.

Associate Administrative Director,

Pathology Services
Methodist Hospital

Houston, TX

ELLIOT GOLDSTEIN, M.D.
Chief, Division of Infectious

Disease

Department of Medicine

University of California at Davis
Davis, CA

EDWARD H. KASS, M.D.

Director, William EIIory Channing
Laboratory

Harvard Medical School

Boston, MA

LARRY REIMER, M.D.

Chief, Infectious Disease Section
VA Medical Center

Salt Lake City, UT

JAMES A REINARZ, M.D.

Director, Division of Infectious
Diseases

John Scaly Hospital

University of Texas Medical Branch
Galveston, TX

CHARLES B. SMITH, M.D.
Chief, Medical Services

VA Medical Center

Salt Lake City, UT
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SECTION 4

ISSUES AND RECOMMENDATIONS

4.1 IDENTIFICATION OF INFECTIOUS DISEASES

Discussion

The panel's initial task was to identify the infectious diseases anticipated in the Space Station.

As a guide for discussion on this topic, a list of possible infectious diseases and their associated

pathogens was given to the panel for evaluation (see appendix 8, table 1). In general, the panel

participants concurred with the contents of this list, making only minor revisions. The suggestion

was made that infectious diseasesof the eye due to possible irritation or abrasion could be a major

problem and should be added to the list. The pathogens of interest were Chlamydia and

pneumococcus, as well as herpes simplex and adenovirus. The parcel also recommended eliminating

Corynebacterium diphtheriae from the upper respiratory infection pathogen list, because the

potential risk of infection by this organism was considered negligible. The panel's revised list of

possible infectious pathogens is included in table 4-1.

In identifying possible infectious diseases, many of the participants emphasized that eye

infections as well as upper respiratory, gastrointc,_rzinai, urinary tract, skin, and systemic infections

could occur in the Space Station environment and were {terns of concern. For example, while one

would expect gastrointestinal infections to occur infrequently, they could be devastating by easily

spreading to other crewmembers.

The unique skin problems created by working in space suits were also addressed. The

environmental conditions created while working in a space suit for several hours are conducive to

the development of superficial mycoses.

The panel approached identification of these infectious diseases in terms of areas of risks,

concluding that the common risks associated with living in an urban U.S. environment are the

primary orfes encountered on prior flights (e.g., acute respiratory infections, acute gastroenteritis,

and common skin infections previously discussed). Less common infectious agents prevalent in our

society include such organisms as hepatitis viruses, Chlamydia, gonococcus, and Epstein-Barr (EB)

virus. Possible unique exposures include infectious agents brought to the space crew by exposure to

preflight personnel or to a foreign astronaut with an infectious agent not ordinarily seen in the

United States.

Environmental exposures may arise from prefight or inflight contamination of food, water, or

environmental surfaces and from contamination that might result from improper waste disposal. A
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variety of scientific experiments will be conducted on the Space Station involving plants, laboratory

animals, and microorganisms, which could introduce infectious agents, in addition, accidents

probably will o(cur, producing wounds that may become infected with microorganisms. Other

considerations should include exposure from unexpected circumstances, such as the disruption of the

Space Station Environmental Control and Life Support System (ECLSS), microbial mutation (resulting

in incr_aseclvirulence), or alteration of astronauts' host defenses.

Recommendatio_

The panel's recommendations to JSC in identifying infectious diseases can be summarized as

follows:

• Include on the list of possible risksinfectious diseases of the eye due to irritation or
abrasions.

• Eliminate CorynebacteHum diphtheriae from the list of upper respiratory tract
pathocjen_

• Recognize the important risks of upper respiratory tract, gastrointestinal tract,
urinary tract, and skin infecfion_

a Assesspotential risks according to area or means by which infection might occur.

4.1 MATERIALS AND METHO0$ FOR THE HEALTH MAINTENANCE FACIUTY

O/scussion

The second task of the panel was to define the materials and methods needed in the Space

Station HMF for diagnosis and treatment of the infectious diseasesdescribed in section 4.1.

On this topic' the panel was asked to consider the following spec|fic questions:

a Isthere a need for inflight capability for the following microbial agents?

(1) Viruses

(2) Anaerobes

(3) Chlamydia

(4) Filamentous fungi

(5) Legioneila

(6) Mycop/a.cma

(7) Other aerobic and microaerophilic bacteria (those not listed in table 1,
appendix B; e.g., Campy/obacter)

(8) Parasites

4-2



• Should microbial procedures be conducted in an enclosed workstation?

• What antibiotics should be included on board?

• What additional capabilities and equipment are needed?

Dr. Pierson provided a list of proposed HMF diagnostic capabilities (see appendix B, Inflight

Capabilities), which served as the foundation for discussing microbiological diagnostic approaches

needed in the Space Station. With few additions and deletions, the list reflected the diagnostic

capability the panel thought appropriate for bacterial diseases. Additionally, the panel evaluated

information describing the Vitek AutoMicrobic System (AMS).

With regard to viruses, the panel did not believe a tissue culture capability was necessary. This

opinion was based on the expectation that a future capability for most viruses can be included

without requiring tissue culture, eggs, or other living systems. As one panel member explained, by

1992 there should be a rapid viral diagnostic, dry technology for most of the viruses. Another panel

member noted that during the past several years new technologies have arisen that give enormous

promise for the future. These methodologies depend upon the use of DNA probes for the

identJflcation of microorganisms. The panel did suggest that NASA monitor the evolving DNA probe

technology and consider incorporating these technologies for rapid identification of bacteria and

viruses as they become available.

In considering the other specific agents, the panel advocated techniques for detection of

Chlamydia, Mycoplasma, Legioneila, and Camp-ylobacter. Anaerobic capability could be limited to

blood culture techniques. The panel agreed that a procedure for identifying fungi and parasites

should be present, but presumed that current slide technology for wet and dry mounts would be

sufficient for both.

The panel concurred with the adaptation of Vitek technology for identification of aerobic

bacteria and yeast, and for the performance of Minimum Inhibitory Concentration (MIC) antibiotic

susceptibility testing. Some of the advantages of the AMS were its cards' compactness, long shelf

life, containment properties, and ease of use.

Because the Space Station will use a closed environmental control system with recirculating

air, control of microbial agents released when conducting microbiological procedures in

microgravity is extremely important Such an environmental system has limited ability to remove

potentially harmful microbiological agents. Thus, the panel stressed that all microbiological work

must be performed in an enclosed workstation. Adequate decontamination procedures for all areas

should also be developed.
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Thepanelsuggested a number of antimicrobials for treatment of various infectious diseases.

A composite of some of the recommended agents and their spectra is shown in table 4-2. These

recommendations were made with the stipulation that the therapeutic regimens be reviewed

annually and modified to reflect advances in treatment of infectious diseases. If available, the panel

recommended that both an oral and an intravenous preparation be included.

in terms of other new technologies or equipment, the requirement for digital color

microscopy was listed as a high priority to permit examination of urine, blood ceils, Gram stains, and

microorganisms. It was noted that this technology would also be necessary for the study of

filamentous fungi and parasites. A transmission capability for high fidelity viewing of diagnostic

materials by experts on Earth was identified as an essential element of the inflight microbiology

laboratory. The panel concluded that JSC should re-evaluate all diagnostic capabilities frequently.

Recommenda tions

The panel's recommendations to JSC for defining materials and methods for use in the HMF

can be summarized as follows:

• Concurred with adaptation of Vitek technology for bacterial identification and
determination of antibiotic susceptibilities.

• Recommended including capabilities for.detection of Chlarnydia, Mycoplasma,

Legioneila, and Campylobacter, but limiting anaerobic capability to blood cultures.

• Recommended identification of fungi and parasites, relying on wet and dry mount

slide_

• Advised that tissue culture for viral propagation and identification was not

required.

• Listed various antimicrobials (table 4-2) for treatment of infectious diseases.

• Stressed that all microbiological work must be performed in an enclosed
workstation.

• Assigned high priority to digital color microscopy with transmission capability.

• Suggested close monitoring of DNA probe technologies.

4.3 PROCEDURES AND POU(3ES TO MINIMIZE INFECTIOUS DISEASE

Discussion

The panel's third task was to establish preventive measures that would minimize the risk of

infectious disease occurrences during a 90-day Space Station mission. Among the preventive

measures to be considered were the adequacy of the 14-day quarantine period and preflight

screening for venereal disease, as well as a comprehensive monitoring and vaccination program (see
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table 4.3). The participants also considered possible exposures to unusual infectious agents

transmitted to the crew by foreign nationals involved in Space Station operation.

As a basis for these discussions, the panel evaluated the preflight health plan prepared by

NASA and the materials included in appendix B of this report. The panel endorsed the plan, adding

several agents to the list for preflight serological screening. Specifically, the panel recommended

that preflight serological screening should be expanded to include the following:

a. Herpes simplex

b. Mycoplasma pneumoniae

c. Influenza

d. Systemic fungi

e. Toxoplasma

f. Rickett_a

g. Chlamydia

h. Human T-Lymphotropic Virus Type !11(HTLV III)

In addition to the standard protocol of preflight physicals, the panel recommended that

uretheral and genital cultures be taken. Also as a part of the preflight plan, it Was advised that all

vaccinations known to be safe and effective in preventing infectJous diseases be administered to all

astronauts who are candidates for the Space Station. Panel members agreed that such vaccinations

represent one of the most effective measures available for preventing infectious diseases.

As to the question of quarantine duration, the panel generally agreed that the 14.day limit is

adequate, but should be enforced strictly and in conjunction with a survey of family and community

members who will be in contact with the crewmembers prior to duty. One panel member endorsed

tha_ in addition to a complete review of known contacts with infectious diseases, the quarantine be

extended to 30 days. He advised that this would not only identify any illness with short incubation

periods such as common respiratory infections, but would include infections with longer incubations

such as the adenovirusas. However, most of the panel members thought it unlikely that longer

quarantine periods would result in significant additional protection from acquired viral illnesses.

Recommendations

A summary of the panel's recommendations to JSC for preventive measures follows:

• Adopt preflight health plan, Microbiology Support Plan for Space Station,

JSC-32015, after necessary modifications are incorporated.
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• Include venereal disease screening in preflight testing.

• Expand serological testing to include herpes simplex, Mycoplasma pneumoniae,
influenza, systemic fungi, Toxoplasma, Rickettsia, Chlarnydia, and HTLV-III.

• Require all safe and effective vaccinations. _.

• Adhere to a strict 14.day quarantine period with a survey of family and community
members to identify contacts with infectious diseases during the 30 to 60 days prior
to flight.

• Discourage crewmembers from eating shellfish during the four months preceding
flight to hetp prevent hepatitis and vibrio infections.

4.4 PRE-SPACESTATION RESEARCH

Discussion

The panel's fourth and final task was to make recommendations for pre-Space Station studies

related to infectious diseases. For these determinations, the participants discussed studies to be

conducted prior to operation of the Space Station. These studies would include inflight assessment

of the effects of microgravity and the spaceflight environment on host defenses and shedding of

microorganisms, as well as their effects on growth characteristics of microorganisms and

susceptibility to antimicrobials. The panel also considered a variety of techniques and equipment to

be studied and tested in microgravity before incorporation into Space Station operation.

The question of compromised immunocompetence due to the effects of microgravity on host

defenses was given the highest priority by the panel since all discussions and plans for prevention,

diagnosis, and treatment of infectious diseases have assumed normal host defense mechanisms

against infectious agent_ If this is not a correct assumption, a full reconsideration must be made of

the infectious disease risks from opportunistic organisms to a host with compromised

immunocompetence.

Previous immunological studies presented at the meeting involved only pre- and pos_ight

evaluation of crewrnemberc These studies suggested that some decrease in immunocompetence

may occur in the spaceflight environment, but the extent and degree of such immunological

compromise were not known. Therefore, the panel emphasized that inflight studies to evaluate this

phenomenon should be developed and implemented as soon as possible.

The panel further recommended that Shuttle flights should be used to conduct these

evaluations and suggested such studies include an assessment of specific and non-specific defense

mechanisms. This could include assessment of polymorphonuclear leukocyte function, macrophage

function, and such items as intestinal motility and mucoclliary clearance of respiratory passages. A
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relatively easy prospective clinical study would be to monitor shedding of herpes simplex virus and

cytomegalovirus before, during, and after Shuttle flights.

The possibility of alterations in growth rates, colonial morphologies, and antimicrobial

susceptibilities in spaceflight environment was also cited for study. Many unanswered questions

concerning the behavior of bacteria in rnicrogravity must be investigated to allow adequate

planning for the microbiology laboratory capability in the Space Station. In conjunction with this,

the panel recommended that the pharmacokinetics of the required therapeutics, including the

absorption, distribution, and excretion of the drugs, be evaluated as well.

Since allergic reactions could impair crew performance, the panel supported research into the

impact of these factors, recommending studies on allergic pneumonitis risks and appropriate

research on the prevention, diagnosis, and treatment of diseases caused by filamentous fungi

because of possible exposure in microgravity.

In the area of operation of various techniques and equipment, the panel deemed it essential

that all methodologies being considered for diagnostic use be tested under actual operating

conditions in space. For these studies, the panel advised that methodology for the HMF should be

updated yearly, with further evaluations during Space Station occupancy as appropriate.

The participants further recommended that specialists in various disciplines be consulted

regarding applicable Space Station infectious disease risks that are unique to their disciplines.

Additional capabilities needed in the Space Station would be noted. These comments along with

other information could be used to develop a set of algorithms for infectious risks to be incorporated

into a manual for use by HMF personnel.

The panel included several additional recommendations. They advised that attention be given

to the preparation, storage, and disposal of food before and after Space Station use. They also

suggested a review of procedures for waste disposal and selection of water and air sources to

minimize environmental risks from any of these areas. Finally, research on methods for

decontamination of an enclosed workstation and the Space Station itself was suggested to avoid the

potentially harmful buildup of contaminating microorganisms.

Recommendat/o_

The panel's recommendations to JSC for pre-Space Station studies can be summarized as

follows:

• Conduct inflight studies with Shuttle flights to evaluate effects of microgravity on

immunocompetence.
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• Direct studies to determine growth characteristics and antimicrobiai susceptibility
o: microorganisms in microgravity.

• Utilize Shut-de flights and crew for pharmacokinetic studies on therapeutic agents.

• Develop algorithms of procedures and methodologies for an RMF manual to be
evaluated and updated as appropriate.

• Test all selected techniques and equipment in actual microgravity flight conditions
before incorporation into the Space Station HMF.

• Monitor procedures for food preparation, storage, and disposal, as well as waste
dist_0saland air and water procurement

• Conduct research on decontamination methods for enclosed workstations and the

entire Space Station.
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Antibiotic Type
I I iii

Acydovir Antivirai

TABLE4.2.- ANT1MICROmALS RECOMMENDED FOR THERAPEUTIC NEEDS IN THE SPACE STATION

rrT

Antimicrobial Spectrum

Amantadine

Aminoglycoside
Amikacin
Gentamicin
Kanamycin
Tobramydn "

Amphotericin B

Ceftriaxone

Cephalosporin "
3rd generation

C3indamycin

Erythromydn

Amantadine

hydrochlonde

Antibacterial

Antifungat

Imipenen

|

Herpes simplex Type I and II
Varicella-zoster
Epstein-Barr
Cytomegalovirus

Anti-Parkinson

Antivirai - Prevention and treatment of respiratory illness
caused by influenza A virus strain

Streptococcus

Staphylococcus aureus (some penicillinase-producing strains
and methicillin-resistant strains)

Gram-negative bacteria

Antibacterial

Antibacterial

Antibacterial

Antibacterial

Anti arial

Cutaneous and mucocutane0us mycotic infections caused
by Candida species

Broad spectrum
Entetobacteriaceae
Neisseria meningitidis
Beta-Lactamase positive Haemophilus influenzae and

Neisseria gonorrhoeae
Anaerobes

Broad spectrum
Gram-negative bacteria
Gram-positive bacteria

Aerobic Gram-positive cocci bactria
Anaerobic Gram-negative bacilli bacteria
Anaerobic Gram-positive nonsporeforming bacilli bacteria
Anaerobic and microaerophilic Gram-positive cocci bacteria

Streptococcus pyogenes
Alpha-hemolytic Streptococci
Staphylococcus aumus
Streptococcus pneumoniae
Mycoplasma pneumoniae
Heemophilus influenzae
Corynebacterium diptheriae
Listeria monocytogenes

Broad specvum
Gram-positive cocci bacteria
Gram-n_jative bacilli bacteria
Anaerobes
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Antibiotic

Immune serum

globulin

INH

Ketaconazole

Metronidazol •

(W)

Metronidazole
(Oral)

Micanazole
cream

Nystatin
suppositories

Opthalmic for
herpes simplex

Penicillin-PNA-
ase resistant

Methicillin
Nafcillin
Oxacillin

Quinotine

Rifampin

Tetracycline

Type

Gamma globulin

Antibacterial

Antifungal

Antibacterial

Antiprotozoa;

Antifungal

Antifungal

Antiviral

Antibacterial

Antiparasitic

Antibacterial

Antibacterial

TABLE 4-2.- Continued

Antimicrobial Spectrum

Broad spectrum
Gram-positive bacteria -:

Gram-negative bacteria

Mycobacteria tuberculosis

Coccidioides spp.

Histoplasrna spp.

Chromomycosis

Paracoccidioidomycosis
Candida spl:).
Oral thrush

Anaerobic bacterial infections

Trichomonas

Amoebae

Anaerobic bacteria

Common dermatophytes

THchophyton rubrum

Trichophyton mentagrophytes

Epiderrnophyton floccosum
Candida albicans

Mallassezia furfur

Vulvo-vaginai candidiasis

Herpes Simplex

Penicillinase resistant

Staphylococcus spp.

Pneumococcus spp.
Streptococcus spp.

Plasmodium vivax

Ptasmodium malaHae

Pfasmodium falciparum

Pulmonary tuberculosis

Neissena meningitidis nasopharyngeal carrier

Broad spectrum
Rickettsiae

Mycoplasrna pneumoniae

Agents of pSittacosis and ornithosis
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Antibiotic Type

Tetracycline Antibacterial
(cont..) (com.)

Topical for

superficial

mycoses

Trimethoprirn/
Sulfa

Vancomycin

Antifungal

Antibacterial •

Antibacterial

TABLE 4-2.- Concluded

Arrtimicrobiai Spectrum
I

Broad spectrum

Lymnphogranuloma venereum and granuioma inquinale

Spirochetes

Gram-negative bacteria

Gram-positive bacteria

Yeasts

Yeast-like fungi

Enterobacteriaceae- urinary tract infections

Haemophilus influenzae Otidis

Streptococcus pneumoniae Media

Shigella Rexneri
Shigella sonnei
Pneumocytis carinii

Gram-positive bacteria
Oostndium difficile
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DaysPrior
to Flight

90

3O

14

TABLE 4-3.- PREFUGHT PREVENTIVE MEASURES

nf i i

Activity
II

Review of crewmembers' immune status to selected infectious agents, to
include immunization with all safe and effective vaccines.

Flight physical (Crew Physician) includes complete clinical chemistry workup
and check for tuberculosis.

Microbiological analysis of crewmembers:
Culture

Ear

Nose
Throat

Skin

Urine

Feces

Sputum
Venereal disease screen

Blood (syphillis, AIDS)

Neisseria gonorrhoeae screen
Herpes simplex I and Ii screen

Trichomonas examination

Serum tested for the following:
Invasive fungi

Cytomegalovirus (CMV)
Toxoplasma
Rickettsiae

Legionella
Chlamydiae

Herpes simplex I and II
Influenzae

Malarial antibodies

Hepatitis A and B

Respiratory SynctiaJ Virus (RSV)
Rotovirus

Recommend 30-day preflight family member monitoring

Quarantine

Microbiological analysis of crewmembers (same as F-30 except one

additional throat swab will be taken for viral isolation).
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Days Prior
to Flight

10

7

1

TABLE 4-3.- Concluded

Activity

Flight physical (same as at F-30)

Microbiological analysis of crewmembers (same as F-14)

Flight physical (no laboratory work)

Microbiological analysis of crewmembers (same as F-14)
i i.ll|

Antibiotic suscel)_bilities will be determined for all potential bacteriological pathogens isolated during preflight

m=crobiological evaluations.

8iOtyl_ng Of selected isolates (e.g.. phase typing of Staphylococcus aureus) will be conducted for eDidemiological

applications.

Preflight microbial monitoring of the SI)a;e Sta_on environment (a,r. surfaces, water, and food) will be conducted to

ensure • safe environment for o'•wmembers (see Microbiology Requirement3 and Soecificatlons for the Space Statton

Document).
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APPENDIX A

WRITTEN COMMENTARIES BY PANEL PARTICIPANTS

The following pages are copies of the individual reports submitted by panel participants.

Further details and suggestions from the conference are included in these commentaries.
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Chairman's Summary of NASA Workshop on

Infectious Diseases in Space Station

Robert B. Couch, M.D.

BACKGROUND

A panel of Infectious Disease and Microbiology specialists was convened for

a one day workshop to discuss and consider crew health in space station with re-

gard to infectious disease risks and approaches to prevention and management of
infectious diseases.

An initial presentation to the committee by NASA specialists provided gen-
eral information relating to infectious disease risks: space station will con-

sist of exposure to zero gravity for a ninety day period of six to twelve indi-
viduals in close contact with each other, There will be a rotation of both per-

sonnel and equipment, but a circumstance for perpetuation of an environmental

microorganism and human infectious disease transmission problem exists, Final-

ly, the committee was informed that a rescue because of medical problems would

require a 28 day period.

Additional background information relating to the discussions was the ex-

perience in prior space flights with regard to infectious diseases. Extensive

and careful medical and microbe monitoring had shown infectious diseases to be

a common problem in former flights. Initially, this consisted of common infec-

tious diseases in our urban society such as acute respiratory and gastrointes-
tinal illnesses. Because of the frequency of these, a preflight isolation pe-

riod was instituted, and no further difficulty has occurred. The other infec-

tious disease problem has been skin infection presumed to be related to problems

with cleanliness and space sult humidity. Astronaut and environmental microbe

sampling had revealed an exchange of microorganisms betweenastronauts so that

they eventually developed a "common flora" and a quantitative increase in envi-
ronmental contamination on some occasions.

The flnal Informatlon sought bythe committee was information relatlng to
Immunological evaluatlons. It was revealed that studies have been limited to

postflight, and these revealed a number of Immunological perturbations presumed
most likely to be reactions to stress.

PANEL RESPONSIBILITY

Responsibilities of the panel were as follows:

1. Identify the infectious diseases that could occur in the space station en-
vironment,

2. Define the materials and methods needed in the health maintenance faclllty

for diagnosis and treatment of possible infectious diseases.

3. Propose procedures and poltctes to minimize infectious disease occurrences
In space station.

4. Make recommendations for pre-space station microbiological-infectious dis-
ease related studtes.
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Workshop Report Page 2

POTENTIAL INFECTIOUS DISEASES FOR SPACE STATION

A suggested outline for assessing infectious disease risks is as follows:

I. Common risks associated with exposures during normal living in an urban U.S.

environment.

0 Possible unique risks from unique exposures

person exposures:
preflight personnel exposures
astronauts from foreign countries

environmental exposures
food, water, environmental surfaces
astronaut waste

experiment exposures
animals

plants

microorganlsms

accldents

0 Unanticipated exposures.

microbial mutation

impaired host defenses

disruption of space station environmental control

The common risks associated with normal living in an urban U.S. environment
are primarily those encountered on prior flights, These include the acute res-
piratory infections, acute gastroenterttts and the common sktn infections. Less
common infections that are prevalent in our society include such organisms as
hepatitis viruses, chlamydta, the gonococcus and EB virus. Possible unique ex-
posures might be infectious agents brought to the space crew by exposure to pre-
flight personnel or to an astronaut from a foreign country with an infectious
disease not ordinarily seen tn the U.S. Environmental exposures might arise
from preflight or tnfltght contamination of food, water or environmental sun-
faces, and contamination that might result from improper astronaut waste dispos-
al, A variety of scientific experiments wtll be conducted on space station that
will tnvolve plants, laboratory antmals and microorganisms, some of which could
produce human disease. In addition, accidents probably will occur, producing
wounds that may become secondarily infected with microorganisms. Finally, con-
siderations should include those of unanticipated exposure that might occur from
such circumstances as the disruption of space station environmental control so
that living habits are altered, microbial mutation as a result of normal flora
exposure tc hostile environments, and unanticipated _lteretton In host defense
of the astronauts. The latter ts of particular cone "n and will be separately
addressed; this workshp proceded with the assumption that the astronauts would
be normal with regard to host defenses against infectious diseases throughout
the extraterrestrial experience.
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Workshop Report Page 3

MATERIALS AND METHODS FOR THE HEALTH MAINTENANCE FACILITY

The discussion on microbiologic diagnostic therapeutic capabilities for the

health maintenance facility used as a format the proposed diagnostic capability

provided by Dr. Pierson. A few additions and deletions from that list consti-

tuted the diagnostic capability thought appropriate by the workshop group for

bacterial diseases. The group endorsed the plan for incorporating an automicro-

bic system into the health maintenance facility.

The following specific agents were separately considered:

Viruses - The consulting group did not believe a tissue culture capability

would be required and did not recommend that this be incorporated into the faci-
lity. They do, however, recommend a close monitoring of diagnostic technology

development for viruses using non-living systems with the expectation that a

capability for most viruses can be included without requiring tissue culture

eggs or other living systems.

Anaerobes - The review group did not recommend incorporation of capability for

culturing anaerobic microorganisms.

Chlam_dla - The group recommended chlamydia diagnostic capability be included,
but recommended that this be restricted to systems not requiring tissue cultures

M_coplasma - The committee recommended mycoplasma diagnostic capability be in-
corporated in the health maintenance facility.

s_dle- The committee recommended this capability be present but presumed that
technology for wet and dry mounts would be sufficient.

Parasltolo_ - The committee recommended this capability be included but be-
lieved that slide mounts for wet and dry capability would be sufficient.

Legionella - The committee strongly endorsed the incorporation of this diagnos-
tic capability into the health maintenance facility,

The committee recommended that all microbial procedures be carried out in

a glove box and that projectlon capability for accurate viewing of diagnostic

results on earth be incorporated into the health maintenance facility. Finally,

frequent reconsideration of the diagnostic capability should be made so that
methods are current and incorporate capability for any potential exposures that
might be introduced as a result of specific scientific experiments or flight by

persons providing unique risks.

The following antibiotics, antifungals and antlvlrals are recommended for

incorporation Into the health maintenance faciiity:

Penicillin

Erythromycln

Tetracycline
Trimethoprin/

Sulfa

an ami noglycoside Ketaconazole
Vancomycin Amphoterict n B
Imlpinum a topical fungal for

Ceftri oxime superficial mycoses

a qui nol ine Metronidi zole

Acyclovi r
Amantadi ne

an opthalmic for

herpes simplex

immune serum globulin
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Workshop Report Page 4

Where both an oral and an intravenous or intramuscuular preparation are

available, both are recommended for inclusion. Oiscusslon was not given to

amount of drug, but it is suggested that sufficient medication should be avail-

able for 14 days of therapy for 2 individuals with each drug.

PROCEDURES AND POLICIES TO MINIMIZE INFECTIOUS DISEASE

The committee endorsed the prefllght health plan prepared by Dr. Pierson;

influenza, herpes simplex virus and mycoplasma pneumoniae were added to the pre-

flight serologic testing. The blood and urine parameter testing was considered

appropriate, but the committee strongly recommended that the quarantine period
be extended from 14 to 30 days preflight. This would not only identify any !ll-

nesses with short incubation periods such as the common respiratory infections,

but would include incubation periods of common infections with longer incubation

periods such as mycoplasma pneumoniae and adenoviruses.

A system for monitoring infectious diseases in all family members of astro-
nauts should be conducted during the 30 to 60 day period preceding flight by

that individual. Finally, the quarantine period should be a strictly controlled

period providing essentially no exposure to outside personnel.

The crew member microbial analysis llst was deemed appropriate except that

respiratory syncytial virus should be added and a nose wash and rectal swab
should be added to the throat swab specimen currently obtained for viruses. In
addition, preflight screening should include sexually transmitted diseases. FI-
nally, the committee recommended that all vaccines for infectious agents that
are known to be safe and effective for preventing an infectious disease be con-
slderod for administration to all astronauts who are candidates for space sta-

tion duty since this represents one of the most effective preventive measures
available for the infectious diseases.

RECOI'_EN_ATIONS FOR PRE-SPACE STATION RESEARCH

The committee recommended the following research for consideration begin-

ning in the immediate future in preparation for space station occupancy.

I. An assessment of tmmunocompetence of astronauts during space flight.
The committee considered thls research to be of the highest priority

since all discussions and plans for prevention, diagnosis and treatment of
infectious diseases assumed that occupants of space station would be normal
with regard to host defense mechanisms against infectious agents. If thls
should not be a correct assumption, then a full reconsideration must be made
of the infectious disease risk because of the extensive number and serious-
ness of infections that might occur with opportunistic organisms if astro-

nauts are not Immunocompetent. The committee recommended a specific con-

sideration be given to obtaining these evaluations tn the present shuttle
flights and generally suggested .they include an assessment of specific and
non-specific defense mechanisms; this could include assessment of pol_qnorph-
onuclear leukocyte function, macrophage function, and such items as intes-
tinal motility and mucoclllary clearance of the respiratory passages. A

relatively easy prospective clinical study which could be implemented soon
would be to monitor shedding of herpes simplex virus and cytomegalovirus

before, during and after shuttle flight.
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An assessment should be made of microbiologic methods in space with regard
to growth of organisms, appearance of colonies and function of the vitecb
met_odol ogy. ..

e

ge

Microbiologic methodology for the health maintenance facility should be

specifically updated on a yearly basis, commencing now, with further evalu-

ation of methods during space station Occupancy as appropriate.

Research on methods for decontamination of the glove box for microbiology
and the space station environment itself in order to avoid environmental

build-up of otherwise innocuous microorganisms.

Give specific consideration to the preparation, storage and disposal of food

before and after space station, procedures for waste disposal and sources of
water and air to insure absence of an environmental risk to astronauts from

any of these areas. The committee assumed that this would represent specia]
considerations by appropriate specialists.

An assessment of the absorption, distribution and excretion of drugs, in-

cluding antibiotics, should be made during current shuttle flights so that

planning for space station will include the knowledge that pharmacokinetic

behavior of antibiotic therapy will or will not conform to existing infor-
mation.

The committee recommended consideration be given to allergic pneumonitis
risk and appropriate research on prevention, diagnosis and treatment because

of the possible exposure to filamentous fungi in a zero gravity environment.

The committee recommended a set of algorithms be developed for the infec-

tious disease risks that can be incorporated into a manual for use by the
person orpersons responsible for health care of the astronauts in space
station,

=

The committee recommended specialists in ophthalmology, dentistry and derm-
atology be separately consulted regarding the infectious disease risks that
are unique to their discipline and might be applicable to space station,
Additional capability may be required for the health maintenance facility.

FINAL COMMENTS

The workshop group developed a format for preparing for infectious disease
problems in space station with the understanding that the task was that of
health maintenance and not of research, We believe that the format provided can
serve as a basis for developing more detailed information in specific areas dis-
cussed and can lead to effective preparation for this area of health maintenance
by the time of space station occupancy, With regard to further discussion and
development of the plans and procedure, the workshop committee believes very
strongly that any research or development should be considered as an operational
need and recommends that a tentative time table be developed for conducting the
research in sufficient time to utilize the results in final preparations for
space station.
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SUMMARY OF THE INFECTIOUS DISEASES WORKSHOP
HELD AT THE LUNAR AND PLANETARY INSTITUTE

James R. Davis, Ph.D.

The concerns expressed by the Infectious Disease panel can be divided into three

areas: A) Prevention, B) Detection and C) Treatment.

A. Prevention was addressed relative to preflight quarantine, testing and

immunization. The single greatest unknown and concern expressed was the immune

competence of individuals exposed to relatively long-termmicrogravity. The

other aspect of prevention discussed by the panel was inspace environmental

concerns. This was not a principal responsibility of the Infectious Disease

panel but obviously could have significant _mpact on the spectrum of infectious

disease possibilities. The panel suggested that they or a similar group have

input and review of the environmental control procedures as they relate to

food, water, air and general public health or sanitation requirements.

B. Detection: The recommendations for detection can be summarized as follows:

i. Parasites and filamentous fungi can be adequately handled without culture

providing a digital microscope with telemetry capability and materials for

direct examination of specimens are available.

2. Anaerobic microbiology capability is not necessary except for certain

specimens such as blood and spinal fluid. In these circumstances, the

requirement is to be able to grow and determine whether the organism is a

true anaerobe or not. Identification and susceptibility testing, not

required.

3. Bacteria: The aerobic and microaerophilic bacteria of concern were

generally defined as normal flora with two exceptions, Legionella and

Campylobacter. The specific methods and techniques for culture of these

microbes were not addressed but the concensus opinion was that direct

A-6



Co

methods such as latex agglutination-type procedures for antigen detection

as well as gene probes be applied whenever available and practical. When

more classical techniques for culture and susceptibility are required, the

Vitek Auto Microbic System (AMS) or some adaptation of this technology was

the method of choice.

4. Viruses: limited virology capability recommended. This is intended to

identify the more common viral infections. Non-cultural techniques

recommended whenever possible.

5. Chlamydiae: direct detection methodologies preferred.

6. Mycoplasma: The availability of cultural techniques desirable for

specific species, i.e., M. pneumoniae, _. ureal_ticum.

The techniques which will be required in this area need considerable

development and testing before the space station is operational. The emphasis

should be on a workable mix of established and anticipated technology such as

gene probes.

Treatment: The treatment discussed was focused upon antibiotic modalities and

did not include other considerations which will need to be defined at some

stage. The concensus was that a certain nqmber of spaces for antimicrobics

must be designated. This would include considerations of how many cases of X

disease must we anticipate, etc. While a list of antibiotics was made, I

believe this is only appropriate as a guide to space requirements since by 1994

many of these drugs will be out-moded.

The panel also addressed specific areas where investigation and technical develop-

ment were needed.

A series of studies to evaluate the immune status of man in space were discussed.

The specific recommendations are captured on the tape and I will not try to list
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them. There are many unanswered questions re_arding the behavior of bacteria in

microgravity which must be answered to allow adequate planning for the microbiology

laboratory capability in the space station. Again, these specific recommendations

are on the tape but they included such simple but absolutely critical questions as

the growth rate of microbes in microgravity.

There are treatment questions of great significance which must be addressed that

involve both the host and infectious agents. What are the effects of microgravity

on adsorption and metabolism of antimicrobials in the host and what effects on

microbial resistance are expected?

This brief narrative summary of the Infectious Disease panel discussions encompass

ina general fashion all three of the basic charges of this group. Specific details

are provided in the accompanying material. In addition, I believe this accompany-

ing material can be made more complete upon review of the tape. I will be more than

happy to review and to help edit a transcript of these proceedings.

James R. Davis, Ph.D.
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OPEN QUESTIONS

1. Do we need an inflight capability for the following:

A. Viruses: limited to the most common agents such asHSV and Influenza. Non-

culture method whenever possible

B. Anaerobes: no, except blood and CSF. Should be no more than the ability

to determine whether truly anaerobes or not.

C. Chlam_diae: yes - direct detection methods only.

D. Filamentous Fungi: direct mounts or stain capability with Telemeter, of

digital microscopy for definitive identification. May wish to culture and

transport to earth for further examination.

E. Le_ionella: yes, culture or direct examination methods if suitable.

F. M¥coplasma: yes - limited to a fewspecies.

G. Other Aerobic and Microaerophilic Bacteria: yes - culture should include

Campylobacter.

H. Parasitolog},: yes - same as for filamentous fungi.

I. Yeast: yes, culture.

2. Is the Quarantine Period appropriate? .....

Fourteen day strict quarantine with complete review of known contacts with

infectious diseases during the past 30 days.

3. Do we need a Venereal Disease Screening Preflight?

Yes - complete and including AIDS.

4. Should crew be vaccinated against specific infectious disease agents?

Yes, immunization status should be as complete as possible, including any

anticipated exposures to international infectious diseases.

5. What antibiotics should be included onboard?

q

The list developed by the panel is recorded on the tape, however the

recommendation was to provide space and the precise antibiotics could be

defined at a later time.
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. Should inflight surveillance be conducted?

No, not of personnel.

ADDITIONAL COI_ENTS

1. Specific and detailed algorithms for diagnosis and treatment of the expected

infectious disease should be developed. These should include public health

measures such as the wearing of masks, etc. The laboratory aspects of

isolation, identification and susceptibility testing of potential pathogens

should also be available.

2. The types of food to be eaten before a flight should be evaluated. For example,

raw shell fish should not be eaten during the preflight quarantine period.

3. The monitoring of space craft and space station for mycobacteria should be

considered.

4. Latex agglutination and other serologic procedures should be evaluated. The

existing slide technology may need to be adapted to a closed system such as

capillary pipettes.
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SACRAMENTO. CALIFORNIA 95NI7

TELEPHOEE: _916) 45.1-._741

SCHOOl. OF MEDICI_;E

DEPARTME._T OF I_TER_AL _EDICIHE

November 20, 1985

Duane L. Pierson

Deputy Chlef, Biomedical

Laborato r_es Branch

Lyudon B. Johnson Space Center

Houston, Texas 77058

Dear Dr. Pierson:

Thank you for the opportunity to participate in the Infectious Disease
Workshop in October, 1985. I found the discussions informative and worthwhile.

Enclosed are comments and recommendations with regard to these discussions. These

statements are organized as ShaVers to the discussion questions on the last page of
the handout entitled, "Proposed _Ltcrobiological Support Finn for Space Station" I _
somehow did not receive the format for therep0rt. I will gladly fill out such a
format if desired.

1. Do we need to define an inflight capability for the following microbial
agents?

A. Viruses

Comment - Viruses have caused infections in preflight crew members, in
m'_mbers post flight and in backup crew members. (1) Viruses have

also been isolated from personnel working with the crews. The post
flight illnesses were due to infection and influenza A2, Hong Kong and

Influenza B. Viral contacts were with rhinoviruses, herpesviruses,
ECHO, adenovirus and Coxsackie virus. Thus, viral infections have

been proven to occur during space flight.

Recognition of this likelihood has resulted in a plan for

serologic testing to determine the crew members immune status prior to

apace flight. According to the information in Appendices T and 3

testa are to be performed for Hepatitis A and B, EB virus, mumps,
rubella, rubeola, varicella z oscar and CMV. Throat swabs are also to

be cultured for influenza, parainfluenza, herpes simplex, adenovirus,
coxsackie virus, rhinovfrus and enterovirus.

P.ecommendat ions

1. On the basis of the above documentation and on the known

transmissibillty of viral infections, inflight viral diagnostic
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Duane L. Pierson

November 20, 1985

Page -2-

@

.

o
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6.

Influenza is a potentlal cause for infection even in immunized

individuals and because of l) the potential for transiently

debilitating illness and 2) the availabillty of amantadlne,

inflight diagnostic capabillty of this virus should be present for

influenza. The standard method of culture is too cumbersome and

too technically difficult to recommend. Serologies are also not

useful as they afford retrospective diagnosis. Influenza virus

can be identified by fluorescent antibody methodologies using

ionoclonal antibodies and this test, if It can be act,re.dated and

perforled appropriately should be available in the HMF.

Herpes simplex is also a potential cause for infection and because

of I) the availability of acyclovir and 2) the potential for

transmission, fluorescent antibody testlng with monoclonal

antibodies should be available in the HMF. It is important to

note that for inexperienced personnel, herpes simplex lesions may
be incorrectly diagnosed leading to failure to treat with

acyclovir or treatment with acyclovir when unnecessary. Since

acyclovir may cause diarrhea, nausea or vomiting, albeit -

infrequently, unnecessary treatment should be avoided. Th___e

fluorescent antibod_ test for H. simplex using monoclonal
antibodies should be available in the HMF.

U_otavirus infections are now recognized as occurring much more

commonly in adults than previously considered. Although therapy
• does not exist for rotavirus infection, the fact that epidemic

spread can occur and the potential for misuse of antibiotics due

to incorrectly diagnosed gastroenteritis warrants the following:

a) testing of the crew for group A rotavirus infection with
Rocaz_e (--AbboC---'cLaboratories) prior to th.__ee quarantine perio-'--d
and

b) Having the diagnostic tes_._._c available in th_._ee HMF...._I.

As was mentioned at the Conference ELISA and Western Blot testing

_or_S antibody--should bee perform_-'_ _ preflight period.

DNA methodologies are available for detecting CMV as well as other
viruses. At present these are inpracctcal for the HMF, but

because of rapid advances in this field, diagnostic kits requiring

minimal technical expertise may be available in time for

installation on space station. Someone should be assigned t.._o

monitor thi_.__sstechnology fo..__rpotential use,
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C.

De

Anaerobes

Comment - Anaerobes are unlikely to be important causes for infection

in the space station. This fact coupled with their complexity as

regards detection, their predictable antlmlcroblal sensltltlvles, and

their favorable response to treatment with "safe" antibiotics
(clindamycin, metronidazole) indicates that the HMF need not have

infli_ht dia_nostic capability.

ChlamTdia

Comment - Chlamydial infectious have not been found in previous

missions. Thus, although these infections are common (C___.trachomatis)
this absence coupled with the brief period of incubation (3 days to 3

weeks) and the need for sexual transmission, somewhat unlikely in the

space station envlronment, indicates that infection in space station

personnel in unlikely. Moreover, the commonly used technique for
identifying C. trachomatis elementary bod/es with fluorescein -

conjugated monoclonal antibodies requires considerable expertise. I

do not believe infli_ht dia_nostic capabilit 7 is adviseable for th_

abov.........._earEuments. ChlamTdla p.sltt.lcl causes a severe pneumonia. Th-'-_

uncommon nature of the infection, its brief 7-15 day incubation period

and the need to culture the virus with its attendant risk are reasons

fo_.__rnot having infllght dla_nostic capability fo..__rC__,psittlcl.

Pilmentous

Comment -Infectious with these fungi are highly unlikely in
nonimmunocospromised hosts.

Recommendation - Infligh_dia_nostic capabilit 7 is not needed for

these _ (AsperEillus, ZysomTcetes _ etc...._..,

E. Le_ionella

Comment - This organism is an important cause of pneumonia. It is

spread by the airborne route usually via infected aerosols with
contaminated water being an important common source

Recommendation - Appropriate decontamination of water is critical.

Since unrecognized aerosol spread is possible, and since Legionella

app. can __be identified with fluorescent, antibody techniques this test
should be available in the HMF.
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XX.

Irl.

IV.

F. Paraslcolo_7

Comment - Acute parasitic infections with amebas, giardia, ascariasis,

hookworm, etc., are unlikely in the absence og contaminated water or

individuals harboring these organisms and therefore_ infli_hc

di_nost!c capabilit 7 is unnecess_r 7.

Hecomuendatlon - Tes_.__c fo.__rr th_ee presence o__f parasites in stools and for

th__._e presence of malarial antibodies in serum _rior to the space

Should microbiological procedures be carried out in a glove box?

Recommendation - A glove box viii be necessary to carry out microbiological

procedures got a number of reasons, Firstly, the threat of aerosol infection

is probably unduly high due to the absence of gravity. Secondly, organisms -

like Shigella, Legionnaire's bacillus, etc can clearly cause infection in
susceptible indlvlduals ig they escape and contaminate foods or water.

Is the quarantine period appropriate?

The IA day quarantine period protects against most but not all viral

infections.. However, in view of the extensive preflight testing for the
agents with longer incubation periods, i.e. Hepatitis A and B, EB virus,

longer quarantine periods are unlikely to result in additional protection from
acquired viral illness.

Is the preflight venereal disease screening needed?

Comment - Among venereal infections syphilis, gonorrhea, AIDS and Herpes
simplex are ones which might be present in a subc_inical state.

Recommendatlon - Serologic tests for syphilis and AIDS should he performed

prior to the flight. SimLtarly, v_inal and cervical cultures for gonorrhea
should be performed as well as cultures of any male urethral exudates. A

history of herpetic infection should also be sought.
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VXI.

V. What antibiotics should be included in the HHF?

Recommendation

I. Penlcillin - (procaine and penicillin UK)

2. Erythromycln

3. Te tracycline

4. Trlmethoprlm- sulfa (oral)

5. Metronidazole (oral and parenteral)
6. Cefazolln

7. Ceftazidlme

8. Ceftrlaxone

9. Acyclovir
10. Amantadine

1 1. Ketoconazole

12. NTstatin suppositories
13. Mtconazole cream

14.

15. P.t f ampin

Should crew members be vaccinated against specific infectious diseases?

Recommendation- Current immunizatioha to include hepatitis B, influenza and

pneumonia. Also when available vacicella zoster should be given.

What additional capabilities and equipment are needed?

Recommendation - A centrifuge would be of value in preparing specimens which

require physical separation, i.e. sputum for TB, CSF, etc.

Lastly, many of the diagnostic techniques recommended at the meeting and which

I have included in this report require considerable technical skill. I am sure you

recognize this, but I wish to reemphasize the importance of human performance.
Fluorescent tests in particular, are fraught with false positive and false negative

results. Whoever is assigned to perform the myriad of laboratory procedures

contemplated must be extremely veil trained.

I hope that the .above com:ents and recommendations are helpful.

Sincerely,

°

Elliot Goldstelns M.D.

Professor and Chief

Division of Infectious Diseases
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Brigham and Women's Hospital
A Texhln| AHiia(¢ o( HarvardMedicalSchool

Harvard Medical School

Departmentot Medicine

¢_,_,g M. _l aL M.m.. Wcd.O.

MNWI_Q@OCm ¢W am_Clm_mCl

_£C1NNL ¢:N_HmCl dL-A_IAIF_Clf

Noveaber 7, 1985

P_L.EAI_ 4E_.T TO_

CK&NN_NG _AOOmAYQRV

UQg_'ON, M&Sq_,_NUIIT_ OIttm

(elY! T'_Jo|_y@

Ha. garen Gaiser
LSL - 37

Northrop Secv£ces, guc.
PO Box 34416

Houston, TX 77234-4416

Dear _. Oa£ser:

Thank you for all of the Etue arrangements Eoc the £at_ecC£oua d£seue

_orkahop. g vu del£ghCed Co be able Co cake part and learned a great deal
about the progrue chac I_m taken place s£nce g left the Space Sc£enee Board
£n 1973. Appended £s my report, g have kept 1c br£e_, buc shall be happy co
add subaCaaC£a_ly co Ch£a 1_ you so des£re. Obviouslyo £c £s something £n
•d_Lch g have a deep £nceresc and slucL1 be delighted co _xp_oce further g_
this is of £nteruC to your coapauy and Co the Agency.

Enclosed a/_o is my _mJe account.

With best _/.Jhe_ sad appreciation Co sl_.,

Sincerely yours,

_lvard H. Lass, H.D.

EllX:Jc

enclosures

(S£gned _ D_. gasa'absence _o avo£d delay.)
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The p£ans for the proposed Space Stac£on Health Facil£Cy are yell-
advanced. There rill 8t£ii need co be a great deal o£ discussion about the

specific anc£aLtcrobial agents tha¢ should be carried aboard. The present
prospectus rich respect co the zcLcroblolog£cal capabL1£ty 18 sound and covers
a vide and reasonable range of 8ntlc£pated problems of an £n£ecCious nature.

Hy ch£ef comment about these is the one that I made at the meeclng.
They are noc meant to be cr£tical of vtutt has been proposed but are meant
£astead to Zook into newer capabLl£ties chac actghc be ready in rime foc the

proposed l£fcoff.

The d£agnoscic approach to the culc£vacion and £dencificacion of

bacceria has noC changed, Ln£ts basic form, s£nce the turn of the century.
The use o£ uucrienc agar, enriched in a variety of rays, complemented by
acLccoscopic examination and by 8pec_Lfic fecmencac£on reactions reaut£ns the
core of tLcrob£ologic diagnosis. To this has been added special techniques
requiring ce11 culture, for viruses and for certain of the more demanding

bacteria such as Chlaaydia. This is the present scare-of-the-arc and if one
vere co fly tomorrov cb_Ls Is the ¢apab£1ic7 chac is necessariZy the only one
thac can be aboard.

Hovever, during the paso several years, new technologies have arisen
that give enormous proa4se for cue future. These technologies depend upon

the use of DNA probes for the ldenC£_icaCiou of aLtcroorga_tsms. Already, in
a fay Cria.L instances, chess have been shown co be sensitive and _LgbZy

spec.t_ic. They are rapid, prec_Lse, and Ln experienced hands gave excellent
results. The chief d_ficuZcy t.8 chac the cechnolos7 has uoc been videly
enouKh explored so chac the baccer7 of av_LlabLa DNA's for d£as3zoscic purposes
is exceedingly liLtCed.

One of chemosc important roles chac NASA kas played has been cue

development of new technologies ckac have ultimately been of substantial
beuefic Co so.Lacy ac large. In the uctcrobiological area, one can c_Lce the
uork of Hoots mc el. ac V£r&rl_La Polycech-/c Iascicuce. These studies were
funded by NASA aca rime rhea relaC£vely LtccZe yes knouu about anaerobes,
and the cechnolos7 for rapid culcivaCion and £denc£ficacioa ot chess organisms
yes in a priacLcive scare. The group ac VPI spend a number of years developing
the cechnolo87 and lc Is this cechnolo87 ckac lies ac the base of virtually
a11 anaerobe york ch4c goes on in mad£cal laboratories throughout cue vorld.

One can hope chat somech£ng siacL1ar to this can be worked ouc in
relation co DNA probes. In anCic_Lpacion of a fl£ghC plan chac requires
hardening CUe plan viCh_n h-$ years, ic vould still bepossible co develop
the folloving:

ao To prepare DNA from the vide range of baccer£a chac can

reasonabZy be anticipated Co become potential problems Ln
space flight;

b. To prepare similar DNA probes for the variety of viruses
and fastidious baccer£a thac vould also be anticipated;

c. Develop a rapLd and reproducible technology for the use o£
chase probes for diagnostic purposes;
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do Such rapid approaches, based on a very large number o£
DNA probes, sight encompass the development og pooling
cechn£ques such as has been used for the typing o£
pneumococci, rich separation o£ the components o£ a
given pool aEcer identification oE a positive vichin
the pool;

eQ _Ltcroocganisms could be pooled in relacioa co the relative
probability of causing an infection in _lighc, thereby
making che process maximally e_fic_tenC.

In brie_ outline, this is the approach chac a_tghc be cakes. Laborlcories
chac are competent in this area can be sub-contracted co produce the necessary
probes. One central laboratory could be contracted co receive the probes,
Cesc them, york ouc che pools, cesc che pools boch in laboratory and £ield
conditions, and york ouc auLniacurtzed lasccuaencacion chac vould be dedicated
co the DNA probe method.

These are entirely feasibZe objectives with a three year target for
accumulncion and resting of the aaCerial, if there is 8 decec_tnacion co move
ahead. I _ould recommend this approach highly as another example in vhich
NASA may exert los leadership, this rime in eke aedicaL ££eld.

Edward E. ILuS, N.D., Ph.D.
Channing Laboratory, Harvard

Kedical School

Boston, HA 02115
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Medical Center 500" Foothill Blvd.
Salt Lake City UT 84148

VeteransAdministration

In ReDly Refer To:

Noyember I, 1985

Duane Pierson, Ph.D.
Biomedical Laboratories Branch

Medical Sciences Division

NASA Johnson Space Center
Houston, Texas 77058

Dear Duane :

I was pleased with the outcome of the Infectious Disease

Conference sponsored by NASA this week. The Panel was

expert, with diverse skills, and most of the important issues

were addressed. I hope you will find our deliberations

helpful as we head down the short time table for providing

specifications for the microbiology/infectious diseases

aspect of the Space Station Health Maintenance facility.

In my report, I will follow your suggested outline, and will

emphasize items I feel to be most important rather than try
to review all the discussion.

Identify Infectious Diseases to be expected in space.

I. Need to establish immunocompetency during space flight is

of highest importance. The potential for exposure to very

large microbial loads in space by the respiratory, GI and
skin routes is very high because of the closed environment

and past history of breakdowns in environmental control.

Even very slight impairments in host resistance could become

critical in determining susceptability of =normal" people to

excessive microbial challenge. If abnormalities of host
defenses are detected during space flight, then our list of

potential pathogens is greatly expanded.

2. Your list of suspected common illnesses according to body
site is very good, and I have only a few suggestions for
additions :

a. Respiratory, including the eye. I would deflnitely

add m. _ as a very likely pathogen - methods
for rapid dx by FA are available, and ELISA

techniques should be available soon.

Chalamydia have recently been implicated as the most

common cause of pharyngitis in one study, and their
potential for causing pneumonia and eye infections is
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C.

dQ

well established. FA methods for rapid dx are
commercially avallable.

Leqionella iS a very likely pathogen in this

environment, even in normal people. The FA technique

offers rapid and specific diagnosis with reasonable

specificity and sensitivity.

Asperqillus because of the known heavy load in the
closed environment is an important potential

pathogen, particularly to produce disease by the

allergic route. An alogorithm for suspecting and
evaluating allergic pneumonitis needs to be written

and probably would include such clues as atypical or

=viral" pneumonia without isolation of bacterial

pathogens, acute decrease in lung compliance and

evidence for airflow obstruction, eoslnophilia

peripherally and particularly in respiratory
secretions. A preponderance of lymphocytes in the

respiratory secretions would also be suggestive.

Viral illnesses of the respiratory tract including
influenza, adenoviruses and CMV need to be considered

and included in the diagnostic potential because of

the current and anticipated availability of
antivlrals.

Genitourinary Infections including venereal diseases

need increased attention, in pre-screening cultures

of the male urethra for chlamydia, G.C. and herpes

and of the vagina for these plus trlchomonas.

Ability to diagnose venereal infections in space is

necessary. Even if NASA were to prohibit sexual

activity in space, I am not aware that any society
has ever succeeded in such prohibitions.

Gastrointestinal Infections To your list, I would
add clostridia difficle - a known environmental

pathogen and occasional cause of diarrhea even in the

absence of antimicrobial treatment. Cryptosporidiosis
is another recently described enteric pathogen that

could become a problem in the closed environment.

Diagnosis is by acld/fast stain of the stool. Other
common parasites including g. histolytlca, glardla,

strongyloides are potential problems and can be

•diagnosed by microscopic stool exam.

CNS I would certinaly include an LP kit, and methods
rapid dlagnosls of CNS pathogens such as

meningococci, ft. Flu and pneumococcus. Identification

of specific pathogens is important because of the

need f_r prophylaxis.

e. Ski___._nPast experience tells us that skin infections
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are common in space. Although initially a minor

=irritation = , over a long period these would be

disabling. I would add pediculosis (lice & scabies)

to the list of suspected pathogens which should be

screened for, and for which therapy should be

provided (Kwell shampoo).

f. Anaerobes These organisms will likely be important

pathogens in abdominal infections; however, I would

not go beyond the use of anaerobic blood culture

media for their isolation and would not provide

means for speciation of the anaerobes.

3. Diagnostic Needs

a. Rapid, specific pathogen oriented diagnostic
techniques should be utilized as they become

available (Group A Strep, capsulated CNS

pathogens, legionella, etc.). Considerable effort

should be given to providing the means for enzyme

linked immuno assays (ELISA) for microblal antigens.

It is likely that the dry film Kodak chemistry
analyser could be adapted here.

be I completely agree with Dr. Kass that NASA should

encourage and support the development of Nucleic

Acid probes for rapid identification of bacteria and
viruses. These techniques will likely be =state of

the Art = in 1992, and we should plan to incorporate

these techniques as they become available.

Co The Vitek technology for bacterial speciation is
attractive in concept, but a problem because of
wt/volume consideration. I would encourage the

company to develop for NASA a simple single plate

for common pathOgens, a syringe method of vacuum
loadlng of the plate, and a method for reading the

plates which utilizes a digital color camera on board

with image reading and interpretations on the ground.

de Digital Color Camera and Microscopy should be given
high pEiority for inclusion in the diagnostic labora-

tory to permit exam of urine, blood cells and
microbial colonies, stool parasites and gram stains.

4. Therapeutic Needs. It is likely that most of the
antimlcrobials we suggest for 1987 will be replaced in 1992

by superior agents. As a start however, I would include
antimlcrobialsfor

a. _ (Vancymycin and PCNase Resistant -
Penicillin)

b. Gram meg Bacilli (Aminoglycoside, 3rd Generation
Cephalosporin)
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c. New Broad Spectrum agents such as the isoquinolones.

d. Nycoplasmia, chlamydia, legionella (Erythromycin,
Sulfa-trimethoprim)

e. Anaerobes - metronidazole, cllndamycin, penicillin.
f. Parasites - metronidazole (oral and IV)

g. Fungi _ Parenteral, Amphoterium B, oral ketoconazole
h. Other Gammaglobulin should be made available

Generalz In choosing antimicrobials, those with longer half

lives are most desirable. The possibility that many

infections, although unlikely to occur, will likely involve

many patients if they do occur, needs to be considered in

calculating the number of courses of therapy to be provided
on board.

5. Prevention.

a.) I agree with the group that there should be wide use

of available and proven, effective immunizations.

These include influenza, pneumococcus, H-influenza,

menlngoccocial, hepatitis, CMV and chlckenpox for
proven susceptables.

b.) The 14 day period of strict i_olation before launch
is appropriate if careful surveillence of family and
other prior close contacts ispractlcal.

c.) Eating of raw shellfish in the four months prior
to flight should be discouraged to help prevent

hepatitis and vibrio infections.

d.) •Inflight culturing of the environment on current
space flights should be expanded to include

cultures for the atypical mycobacteria, legionella

and acanthamoeba, Naegleria sp., since these could
cause serious infections if present in large
numbers.

e.) Very tight control of antibiotic use Is necessary

to prevent development of reslstence.

6. Information Needed Before the Space Station is

M ons.

a. Effect of microqravit¥ and space-fli_ht environment on
Host Defenses. This is the highest priority. The current
studies which are limited to pre and post flight speclments

are inadequate - emphasis needs to be given tO
studies. Needed data includes:

b. Intensive In-fllght monitoring for trivial infections
which are often a clue to subtle defects in host defenses,

i.e.,
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Herpes Simplex virus. Incidence of cold sores and
frequency of vlrus shedding in oro-pharyngeal secretions

during flight as compared to ground.

Candida albicans oro-pharyngo-esophagitiS, to be studied

in-flight by exam and quantitation of microbiai_load.

Cytomeglovirus excretion in-flight.
virus excretion in urine.

Probably also BK

EB virus secretion in pharyngeal secretions in-flight.

li. Pulmonary clearance studies - measure clearance rates

for radiolabelled particles in man - and of infectious agents

such as staphylococci in animals.

iii. Neutrophil function in _!ight including chemotaxis,

phagocytosis, killing.

iv. Macrophage function, including lymphokine production,

rates of phagocytosls and kil!ing.

v. Cell mediated immunity at clinical level (skin tests),

and in vitro including response to antigens as well as

mitogens, and measurements of cytotxic and natural killer

cell actiqity.

vi. Humoral immunity measured as antibody response to new

antigens, and also compliment system activity.

b. Aerosol studies in flight to determine effect of

weightlessness on survival and particle size of microbial
aerosols.

c. Pharmacokinetic studies of absorption, distribution and

excretion of antimicrobials (as well as other drugs).

d. Broader characterization of spacecraft endemic microflora

to include atypical mycobacteria, acanthamoeba, legionella,
changes in antimicrobial resistence patterns to potential

pathogens (Staph aureus, enteric gram negative bacilli,
etc.).

e. There is need for better integration of responsibilities

for environmental control and monitoring with those

responsible for the HMF at JSC. The current fragmentation of
responsibilities inhibits acquisition of necessary
information and will lead to unnecessary duplication of

diagnostic equipment.

Finally, as I view the tremendous task ahead that needs to be

accomplished in the next two years, it appears to me that the
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resources allocated to the microbiology needs at JSC are not

adequate, particularly considering their divided commitment

to servicing the current shuttle program as well as planning

for the space stations.

I hope these comments will be of help to you. r

CHARLES B. SMITH, M.D.

Chief, Medical Service, VANC,

Associate Chairman and Professor,

Department of Medicine,

University of Utah School of Medicine
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VeteransAdministration

Medical Center 500 Foothill Blvd.
Salt Lake City UT 84148

In Re_ly Refer To:

1115185

Northrop Services, Inc.

Ms. Karen Gaiser, LSL-37
P.O. Box 34416

Houston, Texas 77234

Dear Ms. Gaiser:

The following is my report following the Infectious Diseases

Workshop for the Space Station Health Facility.

I will organize this based on the initial outline of responsi-

bilities presented by Dr Couch as the meeting began: the infectious

diseases and microorganisms expected, materials and methods

needed to diagnose disease and identify organisms, procedures

and policies needed to minimize, treat, and prevent infectious

diseases, and recommendations for studies needed before final

decisions can be made.

1. Infectious diseases expected. As became obvious during

our early discussions, we have a major problem identifying the

range of diseases to expect because of limited, preliminary

information suggesting possible alterations in immune function

during space flight. At this time we can't assume that space

station inhabitants will have normal host defenses against organisms

within their environment. Requirements for microbiological

support are markedly different for immunocompetent, healthy

adults, and for immunocompromised individuals. Moveover, require-
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ments are dependent on the type of compromise that occurs.

If defects occur primarily in the polymorphonuclear series,

major difficulties could be encountered with common bacteria

such as Staphyiococcus aureus. If defects occur primarily in

lymphocytes, infections caused by viruses and fungi could be

more prevalent.

Althcugh some consideration must be given to the possibility

of complicated infections based on altered immunity, we shouldn't

ignore what has already been found. Clinically important alterations

in immune function have not occurred in the space program to

this point. The types of infections that have been reported

are simple, straightforward illnesses common to healthy adults

readily diagnosed and treated by simple means. So while I agree

with the group that we should include the capability to recognize-

complicated problems, planning should center around diagnosis

and treatment of the mundane.

A discussion of infections and organisms possible follows.

Eye infections, particularly conjunctivitis, may occur

frequently. I would expect common pathogens including adenovirus,

HSV, chlamydia, Haemophilus influenzae, pneumococcus, and Pseudomonas

aeru_inosa. The closed environment may affect the organisms

see_ at this site, but I don't see a need for detailed expertise

in diagnosis.

I essentially agree with the llst of upper respiratory

tract illnesses and pathogens as provided to u_ by Dr. Pierson.

These infections should be infrequently seen if the preflight
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quarantine and screening cultures are effective. Pharyngitis

would ordinarily be caused by respiratory viruses (I assume

Dr. Couch will provide a list), group A strep and (with some

controversy) group C and G strep, mycoplasma, and chlamydia.

On the space station, these organisms should not be big problems

although the capability of identifying them should be present.

I would be more concerned about Candida albicans and reactivated

herpes simplex as major causes of oral disease. I do not think

it likely that staph, Haemophilus, or Corynebacterium diphtheria

are a risk for oral disease. Otitis media may be a common and

B

recurring problem for individual crew members. I agree with

the list of organisms provided but would add anaerobic bacteria

including peptococcus, peptostreptococcus, Bacteroides spp.,

and Fusobacterium spp. Otitis externa may also be a common

problem and would most likely be caused by staph, strep, Pseudomonas

aeru@inosa, and Asper@illus spp. It will be important to identify

these latter organisms since they require different treatment

than is otherwise given. Sinusitis may alsobe commonly encountered

and would include the same llst of pathogens as otitis media.

I expect pulmonary infections to be a major concern on

the space station. With constant exposure to airborne organisms,

the risk of aspiration associated with space sickness and vomiting,

possible limitations in immune responses, body fluid shifts

that may lead to some degree of pulmonary edema and inhibited

mucous clearance, pneumonia is likely to occur. I agree with

the list of proposed pathogens with the additions of Mycoplasma,

3
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Chlamydia, Legionella, common upper respiratory tract anaerobes,

and respiratory viruses.

Gastrointestinal infections should occur infrequently with

preflight cultures and crew isolation, but could still be a

problem. Should such illness occur it could be devastating

since these organisms could easily spread to all crew members.

The threat is real since cultures from humans and animals who

are carriers without clinical illness are often negative, and

food could be contaminated despite everyone's best efforts at

preparation and storage. A list of pathogens is necessarily

long because of the large number of organisms now associated

with gastroenteritls, and with the inclusion of crew members

from multiple different countries. Salmonella, shlgella, campylo-

bacter, yersinia, entertoxigenic and enteropathogenic E. coli,

Vibrio cholera, parahemoI/tlcus, and vulnificus, Aeromonas,

Clostridlum difficile, Norwalk agent, Rotavirus, Cryptosporidium,
T_

Entaemeba histol_tica, and glardia are all possible in this

context. It may be, however, that a more likely cause of gastro-

enteritis will be the contamination of food or water with toxin

producing strains of staph or clostridia resulting in food poisoning

with vomiting instead of diarrhea. Adequate quidelines for

storage, preparation, and disposal of food items should prevent

this from occurring.

Hepatitis should not be a concern on the space station

except for the possible occurrence of the transmission of non

A no_ B disease from one crew member to another. Since there

4
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is no screening method now to identify individuals with this

virus(es), we will not be able to guarantee that this disease

will not occur.

Intraabdominal infections of other sorts will be unlikely

but possible. Of major concern will be the possibility of genera-

lized peritonitis or peritoneal abscess following some intraabdominal

event--ruptured peptic ulcer, ruptured appendix, ruptured diver-

ticulum, etc. Such infections will invariably be associated

with a mixture of the gastrointestinal flora. The question

is what that flora will be after some time in space. I assume

it will include primarily enteric gram-negative organisms, anaerobes,

and enterococcus. It may also include candida, pseudomonas,

and other less common _rganisms if they predominate as the normal

flora in crew members.

Urinary tract infections may occur frequently in female

crew members especially if they are sexually active. Prostatitis

may occur in male crew members, but I would not expect this

often. I agree with the set of pathogens already suggested

for this site.

Sexually transmitted diseases should not be seen often

if at all with effective preflight screening. The one exception

would be genital herpes because of reactivation during the mission.

I doubt that gonorrhea will occur. Chlamydia could be sexually

transmitted, but I would be more worried about Chlamydia as

a cause of pulmonary or eye disease.

Vaginitls, on the other hand may be an important problem.

5
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Vaginal candidiasis, bacterial vaglnosis, HSV, and vaginally

associated toxic shock syndrome may be seen. Trichomonas should

be eliminated by preflight examinations.

We discussed possible skin infections including abscesses,

cellulitis, folliculltls, superficial mycoses, and superficial

wound infections. Likely pathogens include staph aureus, group

A StEep, other streptococci, diphtheria, enteric gram-negative

bacilli, pseudomonas, and candida. There would also be the

risk of contamination of wounds from the plants and animals

being used in experiments. Most of these plant and animal organisms

will be similar to those seen ordinarily, but they may also

include bacteria, viruses, and fungi not usually considered.

Examples include leptospira, streptobacillus, and spirillium

and a whole llst of saprophytic fungi.

Bacteremla may occur and will most likely be secondary

to infection at some other site, like pneumonia or urinary tract

infection. It may also be a common complication of intravenous

catheters since the numbers of organisms on the skin may increase

and include more pathogenic bacteria than are normally seen

in hospitals. I basically agree with the list of possible pathogens

in Dr. Pierson's document.

Finally, central nervous system infections seem very unlikely

in the group of people who will be on the space station, but

certainly could occur. In addition to the bacterial causes

listed, I would again add leptosplrosis with the possible animal

exposure. Aseptic, or viral meningitis may also occur, and

6
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in fact would be more likely in this age group. Brain abscess,

or parameningeal infection may also represent more of a problem

than bacterial meningitis given the strong possibility that

individuals will have otitis media and/or sinusitis. Such super-

ficial infections which may be difficult to recognize early

could certainly be complicated by spread to the meningeal space.

Organisms associated with brain abscess would then be more like

those previously listed for otitis and sinusitis.

To summarize, the spectrum of diseases and organisms include

a wide variety of possibilities. Our ability to predict those

most likely is hampered at this stage by a lack of understanding

of the immune status of individuals in space for prolonged periods

of time, and knowledge of what will happen environmentally on

the station after months to years without decontamination.

Based on past experience, it appears that common minor ailments

of healthy adults will be most common, but we also have to plan

for possible major illnesses affecting crew members either indivi-

dually or as a whole. I would plan most resources to cover

skin, upper respiratory, urinary tract, and vaginal infections.

If this is in fact the case, very little laboratory support

will be required to deal with most clinical situations.

2. Dia@nostic methods. I believe that the level of sophistication

of the HCF for the diagnosis of the vast majority of clinical

infectious diseases will not need to be that of a tertiary hospital.

On the other hand, we can not clearly predict the nature of
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the occasional devastating illness that may occur. This plus

the need for continuing evaluation of the environment in the

station suggest that the capability for very sophisticated diagnosis

should be available. We probably do need the capability of

identifying viruses, parasites, fungi, and sexually transmitted

diseases. I would leave the decision for how to approach the

diagnosis of viruses to Dr. Couch. Fungi and parasites can

generally be handled by the use of microscopic techniques without

the need for other equipment. The range of bacteria that could

be seen, on the other hand, is potentially much greater than

we are used to seeing in healthy adults now. I agree with the

desire to have instrumentation comparable to the Vitek available

to recognize these bacteria. I don't think we need to speclfically

identify anaerobes since treatment of these organisms is generally

based on cllnical syndromes and sites of infections rather than

their specific isolation in the laboratory.

I also agree with the comments of Dr. Kass that by 1992

DNA probes may be extremely useful tools for diagnosis. I doubt

that by that time they will be able to totally replace a tradi-

tionally based diagnostic system. I think We can assume that

both methods will be important, and that neither can be used

exclusively.

Equally important is the assumption in all of our discussions

that images could be transmitted to an expert on the ground

who would be in a position to aid in diagnosis. It is clear

from studies of new instruments that inexperience can totally
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negate the expected utility of such devices. Recent studies

on the use of strep identification kits in doctor's offices,

for example, suggest that results may be wrong 50% of the time.

Without ground control of the procedures being carried out,

the results could be inaccurate and potentially harmful. For

this reason inclusion of the digital imaging system being designed

is absolutely essential.

I believe the Vitek is the best of the currently available

automated systems for consideration in this context. It does

have a couple of limitations. First, it will still require

primary cultures for the growth of isolated colonies that can

be used in identification procedures. Second, none of the automated

systems is currently acceptable for the recognition of methicillin

resistant staph. The first problem can not be eliminated, but

can be minimized by the use of algorhythms for diagnosis that

don't require cultures, and by using rapid tests directly from

clinical material such as from throat swabs when possible.

Specific DNA probes may be invaluable in selected situations

to avoid the need for cultures. The second problem may be solved

by improvements from Vitek or by simply including a selective

agar medium containing methicillin that is sensitive enough

to detect resistance.

Since many infectlonswill be common, minor conditions,

they will not require use of any instrumentation. The algorhythms

for diagnosis as presented by Dr. Pierson begin with the collection

of a specimen. I think that they should really start with a

9
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set of questions about the illness followed by the empirical

approach to diagnosis and treatment before entering a mode that

involves specimen collection and use of the laboratory. From

our discussions I believe someone is already developing such

algorhythms, and I will not expand further.

_n addition most superficial infections should not be approached

with extensive culture workups. Superficial cultures will invariably

be contaminated with colonizing organisms. These organisms

can not be defined as the cause of infection without evidence

that they are invading tissue. In most situations on the space

station such evidence will be impossible to obtain. Simply

identifying bacteria or fungi from easily obtained cultures

may be more harm than good if this identification leads to use

of antibiotics to treat organisms that have nothing to do with

clinical disease.

I would like to comment on the individual flow charts provided

by Dr. Pierson.

Ear swab. Unless looking specifically for a fungus like

aspergillus, or Pseudomonas aeru@inosa, ear swabs will be of

little value since the organisms isolated from a swab inserted

in the external canal donot correlation with organisms causing

otitis media. I would use an algorhythm for diagnosis and empirical

treatment unless invasive disease is suspected. Then I would

limit the workup to a single agar plate to look for fungi and

one that will selecively grow pseudomonas. The fungi could

ultimately be diagnosed by having a ground expert look at colony

10
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morphology and the microscopic structure of the hyphae. Pseudomonas

could be identified by its appearance on the selective medium.

Susceptibilities on the pseudomonas would be required using
"\

the Vitek.

Nose. I also consider swab cultures from someone's nose

of little clinical value. It may be important to attempt to

isolate respiratory tract viruses if they can be selectively

treated. Studies comparing nasal swabs and direct aspirations

of sinus cavities have shown that nasal swabs are a waste of

time in identifying agents responsible for sinusitis. The only

potential use for nasal swabs in bacterial identification would

then be for periodic epidemiologic surveys of the crew. Unless

such surveys will be done, I would not consider using this flow

chart.

Throat swab; I think we could safely eliminate the culture

arm of this chart and use only a rapid test--slide agglutination

or flourescent antibody--for the identification of strep. We

need to add, however, an arm for the recognition of candida,

mycoplasma, chlamydia, and perhaps respiratory viruses. Candida

could be identified by microscopic examination of a mouth scraping,

mycoplasma and chlamydia by fluorescent antibody. I'm not sure

at this stage how I would handle viruses from this site.

Phlegm producin 9 cou@h. As discussed at the conference,

sputum is a terrible sample under the best of circumstances

in cllnical laboratories. We will need tO be able to evaluate

sputum samples by microscopy on the ground to determine their

11
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relative value. We also need to be creative in using alternative

methods, like latex agglutination of serum and urine, blood

cultures, or DNA probes of sputum specimens for the diagnosis

of pneumonia. In terms of the chart itself, I am reluctant

to consider the use of a disks placed directly on primary isolation

plates. I agree with studies that suggest that this is an insen-

sitive way of identifying group A strep and pneumococcus. Again,

we can identify both of these organisms by latex agglutination.

The identification of staph aureus could be handled either = by

the Vitek or by latex agglutination also. The Vitek would be

handy for the identification and susceptibility testing of the

gram negative organisms grown on MacConkey. Other organisms

that we included as potential causes of pneumonia will also

require inclusion. Legionella can hopefully be handled by a

direct fluorescent antibody, and chlamydia, mycoplasma, and

the respiratory viruses as noted above. Fungal pneumonias and

al!ergic pneumonitis, if they occur, will require invasive techniques

like bronchial biopsy or pulmonary lavage for diagnosis.

Surface wounds. As with nasal cultures, swabs of the surface

of open wounds could yield tragically misleading results. It

is very difficult to separate colonizing flora from invasive

pathogens. In my own lab I request physicians to obtain either

deep tissue biopsies of .......... or aspirates of fluid through

uninvolved skin at the margins. We should perhaps have a protocol

for guiding personnel on the station in how to obtain such speci-

mens. If such were available, I would agree with the flow chart

12
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as presented. If we will be limited to swab specimens, I would

suggest that the workup of the culture be stopped before identi-

fication procedures if the culture grows more than one organism.

Gastrointestinal tract. I agree with the flow chart, but

would add an additional agar plate for campylobacter, and have

the materials available for the other pathogens I mentioned

as potential causes of disease. I think the Vitek will be important

in separating pathogenic organisms from the normal flora. I

would also hope that DNA probes will be available by then that

could be used directly on the fecal specimen. That would be

a real plus in avoiding the complex methodology necessary now.

Urinary tract infections. I agree with the flow chart

as provided. Crew members, especially women, will need to instruc-

tions for specimen collection.

Vaginal sample. I agree with the flow chart except that

I don't think that a culture plate is necessary for growth of

yeasts. If yeast cells are not recognized on gram stain, their

growth on an agar plate will probably not be meaningful in diag-

nosis. I assume that identification of staph is being considered

in case of possible toxic shock syndrome. It is important to

emphasize that this entity is best recognized clinically, and

while cultures growing staph help confirm the diagnosis, growth

or lack of growth of staph may not confirm or refute the presence

of TSS.

CSF. I agree with the flow chart with the comments about

A and P disks on primary plates as noted above. All of these

13
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primary organisms can be ultimately identified by the Vitek

or latex agglutination. Other organisms we discussed as potential

pathogens should grow on the plating media listed and could

then be identified by the Vitek. The gram stain in this situation

is vitally important, and again emphasizes the need for transmission

of images to an expert on the ground for review.

Bacteremia. I have some difficulty deciding on the best

system to use for the detection of bacteremia. It will certainly

be important for the chosen system to be capable of detecting

a variety of pathogens including common bacteria and fungi.

No single system now in use is perfect for the detection of

allthe possible organisms we are considering. Given the space

and weight limitations in the HCF, I would suggest use of the

DuPont lysis centrifugation system. This would require a small

centrifuge (something you'll need anyway), and the tubes for

blood drawing. Once centrifuged, cultures would then be set

up on agar media already available. This system would avoid

the need to carry prepared blood culture media, something that

would otherwise be necessary. It is a very good system for

the recognition and identification of most bacteria, and is

the premiere system now marketed for the growth of fungi. It's

disadvantages are that it doesn't do well for anaerobes (something

we've already decided to sidestep), and it is somewhat more

likely to grow contaminants than other methods. I think both

of these problems are fair trades for the ease of use and capability

the system has in other areas.

14
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My flow chart for bacteremia would therefore be somewhat

different. I would start with inoculation of a lysis tube,

then plating of supernatent onto a blood-chocolate-MacConkey

triplate, and a sabouraud plate, and proceed from there.

Other possible sites. There is no flow chart for eye cultures.

I would create one that would again start with a clinical algorhythm,

then include selective cultures for adenovirus, Haemophilus

influenzae, pneumoncoccus, and Pseudomonas aeru@inosa.

There is also no chart for skin cultures apart from wounds.

My comments about cultures for wounds apply here also in that

cultures will often be misleading because of the colonizing

flora. On the other hand, skin scrapings for microscopic examination

to look for fungi will undoubtedly be important.

A variety of infections can be diagnosed by serologic means,

and the capability for this approach should be in place. Examples

where this approach is now important include EB virus, hepatitis,

CMV, influenza, Legionella, typhoid fever, brucellosis, leptospiro-

sis, and toxoplasmosis. By 1992 there may be genetic probes

capable of detecting a variety of common organisms using serum

samples with the elimination of the cultural methods needed

now.

3. Procedures for Minimizin@ Disease.

The preflight protocol forcrew members will be most important

for the prevention of disease after lift off. As we discussed,

the preflight quarantine should be a rigid 14 days with the

15
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qualifications for longer periods if family considerations dictate.

Screening cultures should include urethral and cervical samples.

A preflight serum should be available for a battery of tests

should the situation in space dictate--these should include

tests for the invasive fungi, CMV, toxoplasma, the rickettsia,

syphilis, Legionella, mycoplasma, and chlamydia. Some of these

tests are important to include because of the exposure to plants

and animals that will occur on the station. Dr. Smith's suggestion

to screen all individuals for antibody to the toxic shock toxin

is also excellent.

On the other hand, preflight bacterologic screening needs

to be limited to some predefined extent. It sounds good to

say that all potential pathogens isolated in preflight cultures

will be identified, and tested for antimicrobial susceptibility,

but in reallty such a venture would be extremely complicated.

Everyone is colonized with organisms that could be considered

potential pathogens. The particular organisms will vary from

one person to another, and the recognition that they exist is

in large part a reflection of the effort expended. For example,

to be sure that someone is not harboring a toxigenic strain

of E. col._i one must completely workup 20-30 individual colonies

from each primary isolation plate. Twenty to thirty colonies

of staphylococcus from each plate would need to be examined

forpossible resistance to methicillin. The point is that preflight

screening will be somewhat reassuring, but will not definitely

prevent the occurrence of the disease one would like to avoid

16
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in space. I don't think that a great deal of time should spent

on the evaluation of these cultures. I am in favor of a limited,

defined protocol to look for a small list of organisms that

we have the means of eliminating before the flight. Examples

include salmonella, shigella, campylobacter, tuberculosis, meningo-

coccus, group A strep, ameba and giardia.

I would accept a protocol for biotyping selected isolates

preflight providing the same biotyping system is available on

the station. Either Vitek identification or DNA amnalysis have

the potential to allow for useful characterization of isolates.

Such information could be very useful should an epidemic of

infections occur.

I agree with the concept addressed in appendix i that preflight

immune status for certain pathogens should be known. I would

add to the list the potential for preflight serologies to fungal

pathogens including cocci, histo, and blaso. As we gather more

information about the immunologic consequences of prolonged

space flight, these may be very important. Apparently there

has not been a decision to mandate vaccinations against common

pathogens before flight. As we discussed, vaccinations for

influenza, HerPes zoster, CMV, pneumococcus, Haemophilus influenzae,

and meningococcus should be required. By 1992 additional vaccines

may also be available that could be valuable for the crew members.

Even though we are not mandated to address environmental

topics, it should be emphasized by our group as well as others

that careful monitering of plants, animals, air, food, and water
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before shipment to the space station are vitally important in

the prevention of diseases among crew members and can effectively

limit the spectrum of infectious disease agents that will be

seen.

We were asked to provide a list of antimicrobial agents

that will be needed. The main point to make is that antlmicrobial

agents are changing so rapidly that to provide anything other

than a class list of agents would be meaningless. Given that

most of the infections expected will be minor, the most needed

will be a set of oral antibiotics, probably penicillin or ampicillin,

a cephalosporln, erythromycin, sulfa-trimethoprim, metronidazole,

acyclovir, and amantidine. For the rare serious infection a

set of powders for reconstition and parenteral administration

will also be needed. A list of such agents should include an

antistaphylococcal penicillin, an antipseudomonal penicillin,

a third (fourth?} generation cephalosporln, an aminoglycoside,

erythromycin, vancomycin, a quinolone, amphotericin B, and acyclo-

vir. There should be 2 or 3 empty slots saved for new drugs

that will also likely be considered important at that time.

A related topic that falls into the category of disease

control is rigid control of the antimlcrobials being dispensed.

We were reassured at the conference that access to the drug

cabinet would be strictly controlled. That is important. Equally

important, but not discussed, is the manner in which drugs are

utilized. It should be emphasized that none of the antimicrobials

be dispensed beyond a defined, limited time without ground approval

18
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for their continuation. It is also important to again emphasize

the need for appropriate laboratory information on which to

base treatment decisions. Poorly collected, superficial wound

cultures, inadequate sputum specimens, and inadequately controlled

rapid tests will lead to inappropriate identification of organisms

and meaningless susceptibility testing. The real danger from

such results is over utilization of unnecessary antimicrobials.

Over prolonged periods, such use of antibiotics would undoubtedly

lead to the development of resistant strains of bacteria that

will be more difficult if not impossible to treat with available

drugs.

A critical question is how many infections to expect since

the number of supplies, drugs, reagents, and space will be dependent

on such a prediction. I imagine that there will be a need for

5-10 courses of oral antibiotics for each mission and that ordinarily

no parenteral agent will be used. Major illnesses will be of

two types--those limited to the individual primarily infected

as would happen with a ruptured viscous and peritonitis, and

those that become epidemic as with some of the respiratory and

gastrointestinal diseases possible. Should an epidemic occur,

it could affect the entire crew. This implies that enough of

each antimicrobial agent must be available to treat as many

infections as there are crew members.

4. Studies needed now. I think the unanswered, vital issues

to be addressed before the space station deployment were adequately
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listed as 7 separate items by Dr. Couch. I would again emphasize

two of these: the need for immunological studies, and the need

to evaluate the proposed methodologies under the operating conditions

of space.

As mentioned, specific, objective information about the

frequency of reactivated herpes infections, oral candidiasis,

and gingivitis from past missions would provide helpful clues

now in assessing immune status. It is also essential at this

point to carry out studies of every phase of the immune response

under actual space conditions.

It is also essential that all possible methodologies being

considered for diagnostic use be tested under actual operating

conditions in space. We must know if bacteria grow normally,

have the same microscopic and colonial morphology, react the

same way biochemlcally in the Vitek, and give the same results

for sensitivity testing, we must know if latex agglutination,

fluorescent antibody staining, genetic analysis, etc. will work.

The way to find this out is simple: perform all of the quality

control tests routinely performed in clinical laboratories with

control strain organisms for al__! tests being considered on one

or more of the shuttle missions. Results of such tests may totally

revise our thinking about the best diagnostic system to have

available.

Something w_ did not discuss is a protocol for preflight

training of crew members. I assume NASA has well developed

methods for preflight training in general. We need to be sure
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that crew members understand the algorhythms developed for diagnosis

and treatment, and they need to be familiar with the use of

the equipment that is present on the station. Someone needs

to design the training course for the crew to meet these goals.

Most of this letter has been a regurgitation of the discussion

at the meeting. I hope, however, that I have brought out a

few points that were not extensively discussed, especially concerning

methodology. If you need more information at this time let

me know.

I would also like to offer my services to help in the design

of the preflight training course for the crew, clinical and

laboratory algorhythms, refinement of the technical diagnostic

procedures being discussed, and protocols for pre-space station

evaluation of methodologies. We have previously offered the

facilities of the University of Utah for design and field testing

of the microbiological package for the HCF. Our offer still

stands.

Sincerely,

Larry G. Reimer, M.D.

Director, Clinical Microbiology
VAMC, Salt Lake
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APPENDIX B

MATERIALS SUPPLIED TO PARTICIPANTS -'-





Specimen

I
Direct

Rapid Identification Methods

e.g. Throat; Latex agglutination

for Streptococcus pyogenes

f

. ._Iati ng
Selective/Di fferential

r
Isolated colonies

I
Gram stai n

Colonial morphoIogy

Tel emet ry

Media

No Growth

I
Stop

f
Gram positive

(cital ase)

I
Automated System

and/or

Rapid Identlflcation Methods

Gram negative

(oxiiase)
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PROPOSED H[CROBIOLOG[CAL SUPPORT

PLAN FOR SPACE STATION

PREFLIGHT

Days Prior
To Flt_ht Activity

90 * Review of cre_members' immune status to selected

infectious agents (See Appendix 1)

3O * Flight Physical (Crew Physician) includes complete

clinical chemistry workup {See Appendix 2)

• Hlcrobiologlcal analysls of ccewmemDers

Incl ude: Ears urine
nose feces
throat sputum
skin blood (Hepatitis A&8 and RPR)

14 • Quarantine

• Microbiological analysis of crevaembers

(sm as F-3O except one addltlonal throat swab will be

taken for viral isolation) (See Appendix 3).

I0 • Flight Physical (Sane as at F-3O)

7 • Ntcrobtologtcal analysis of ¢rew,eubers (Same as F-I4)

• Fllght Physical {No laboratory work)

• Ntcrobtologtcal analysis of crewmembers (Same as F-14)

• Antibiotic susceptibilities will be detemlned for all potential

bacteriological pathogens isolated during preflight microbiological
evaluations.

• BiD-typing of selected isolates (e.g., phase typing of Staphylococcus
auto, s) will be conducted for epidemlologlcal appllcatlons.

• Prefllght.microbial monitoring of the Space Station environment {Air.

surfaces, water, and food) will be conducted to ensure a safe environ-
ment for cre_nembers (see Hlcrobiology Requirements and Specifications

for Space Station Document)
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INFLIGHT

Inflight diagnostic microbiologlcal capability will reside in the Health

Maintenance Facility (HMF). Inflight sampling will occur only when

indicated; no routine sampling is planned.

CAPABILITIES

" Culture collection

• Isolation of pure cultures

" Gram staining apparatus

• Identify wide range of aerobic and microaeropnillc pathogens

" Determine antibiotic susceptibilities

" Yeast identification (gem tube)

• Storage/transport equipment and media

• Biohazard containment and disinfection

EQUIPMENT (Major)

• Refrigerator/Freezer

" Incubator

• Microscope wlth telemetry

• Glove box

• Auto Microbic System (Incubator/Reader only)
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INFLIGHT DIAGNOSTIC APPROACH

ls¢ Chofce - Auto Microbfc System,Automated)

" Advantages

• Estab] fshed Technology

" Mlntmum Crew Time

" 0t sadvantages

o Weight

" Oounl Tlme

2rid Choice- Auto Ntcrobic System (Manual)

" Advantages

° (staO] 1shed Technology

° 01sadvantages

• Increased Crew TtM

* Requtres Increased Time

3rd Chotce- 01agnostic Ktts

* Advantages

" " F1exibl e

o 01sadvantages

" Increased Crew Ttme

B-7
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THROAT SWAB

!
Swab and Streak BA

Stab Medium and Place

"A" disc ascepticallv
on aaar

Incubate in-Bio-Bags at
35"-37"C for 18-24 hrs

{See Note)

i
GroWth around

"A" disc; no Reta

Swab throat

Avoid teeth and tonaue

use deoressor if necessary

Two S!abs

I

No qrow_h around

"A" disc; Beta hemo-

hemolysis

No!mal Flora

lyttc colonies (clear-
tna of blood)

. !
firam st in

+ cocci; pairs and
chains

AMS (See Procedures Manual)

_rouo AIBeta Steotococcus

Latex S)(de

agglutination
for detection

of Group

strentococcal

antigen

!

See Droc _dure

manual for

detailed

instruction

N_TE: If sllaht or no orowth at 1_-24 hours, relncubate
an additional 24 hrs.

B-IO
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URINARY TRACT INFECTIONS

A clean-voided midstre_1

(first void) urine directly

on to Urine Paddle containing

MacConkey and Cled Media

Place paddle into container
Incubate 18-24 hrs 35 -37 C

Compare to density chart
for bacterial concentration

T;

MacConke_

Clear, transparent
pink Oxidase

Clear transparent
Oxidase +

,L

Cled
\

Catalase

_/ AMS (Se_ Procedures Manual)

÷

Enterotube II OxiFerm Tube

/
/

Inoculation and Identification
in Procuedures Manual

St_ohylococcus Streptococci

B-14



VAGINAL SAMPLE

I

$1 ide #1

I
Gram Stain

I

Two dry, sterile Culturette Swabs used

to sample vaginal area
J

i
Swab #2

I
- Inoculated onto a biplate

containing Baird-Parker and
Sabouraud m_dia
Incubate 3S°-37°C for 48 hrs

I
I

Slid_ #2 Baird-Parker Sabo_raud

L 2 '+ Black olonies Examine plate.

Wet Mount with clearing If no growth is

I around colonies present, reincubate
I an additional 24 hrs.

Look for presence Coagulase Reexamine platesL

of budding yeast m ) i If colony formation
cells and/or +I l- is present on the

Trichomonas I I Sabouraud medium,

Trophozoites Staphylo- Normal make an isolation
coccus Flora streak onto a plate

aureus containing Sabouraud

Swab #I

I
Swab will be rolled over

two clean glass slides

I

Look for presence

of Gram and budding

yeast cells

medium. Incubate

for 24 hours.

Identify according
to Uni-Yeast-Tek

Yeast Identifica-

tio system Or AMS
to be found in Pro-

cedures Manual.
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CSF

r, !
I

Catal ase

Negative

Streptococcus
Pyogenes

AMS

(See Procedures
Manual )

Collect spinal fluid
in sterile container

Gram Stain
|

Streaklto Biplate Blood and Chocolate

i
Blood _gar +
A & P discs

Place in Bio-Bag

and incubate at
35--37-C for 24-

48 hrs

I
I

Beta hemolysis

(Clearing of Blood)

No growth, around
A disc

Catalase

Positive Streptococcus
/ pneumoniae

Staphylococcus

e_idermidis ProA_c_dure

I (See Pro-
or

j cedures
Manual)

Coagulase

Posiiive

Staphylococcus
aureus

Chocb Iate

Place in Bio-Bag

an_ incubate at
35vC-37 C for _

24-48 hrs

J r---Oxid!se Test---_- l

+

Alpha hemolysis Neisseria Haem_hi Ius

(green_zone men igitidis infl uenzae

ar°und c°1°nies) I 1No growth around

P disc I *Latex Aggluti- *Latex Agglu-
nation or AMS tination or

AMS

*See Procedures Manual for

instruction

B-16



aAC_EREHIA

81ood
L

3 or 4 _ultures per day
at I hr intervals

place

3 to S ml 81ood

into
Vacuneda

Blood Culture
Bo_tle

Incubate 35°-37°C

for 14 days

Check daily for growth
in bottle

If positive

Oraw OUt sample wlth syringe

and place on

Biplate containing_

Chocolate hcltracin
Blood agar ÷ A disc

tn Bto-Sag at o "
Incubate for 35 -37Uc
for 24 - 48 hrs

Chocolate Bacttractn

÷ growth "Blood Agar
Grm stain A disc

i. NO growthA (No growth on around A disc.
MacConkey) Beta Hemolysts

Streak to TSA + XV, X

V-r_ng or AMS Catalase Neg
Streptococcus

Growth around
xv only

Latex Agglutt-
Haemophtlus nation orAMS
influenzae (See Procedures

Hanu,l)

Triplate containing
Blood, Baird-Parker

McConkey
',k

Incubate at 35°-37°C
for 24 -48 hrs.

Blood + P disc

No g'_r_th

Green zone around colonies

•Streptococcus pneuaonlae

Latex Agglutination (See Procedures
or Manual)

A/(S

MacC_key_

PtnK or oxtd.ase Negative Oxidase positive
4t

(nterotube IX Oxtferm Tube or AMS

See P edures
Manual

Baird-Parker

Posttve for black colonies
Cleartn9 arOUnd colonies

Coagui ase ÷
,L.

_aureu$
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Oays Prior
To Fligh¢

0

7 (Op¢tonal)

POSTFLIGHT

Ac_ivit Z

• Microbiological analysis of the crewmembers. (Same as

preflight F-14 exam)

• Same as Above

B-18



APPENDIX1

Serology testing to dete_ine cre_embers' immune status to following viral
and bacter_al agents:

° Hepatitis A and 8

° Epstein - Barr

° Humps

° Rubella

° Rubeola

• Vantcella Zoster

" Cytomegalovlrus
r _

• Clostrtdtum tetanf (current fmmunfzatton)

° Cor,vnebactmtum dlpther_ae (current fmmunfzatton)

" Hycobacter4um tuberculosis (current skin test)

8..19



APPENOIX2

TABLE1
BLO00PARAMETERS- ASTRONAUT ANNUAL ANO FLIGHT EXAMS

He_atoloqy Chu_istry Seroloqy

RBC
Retie
Hcf

HgO
ZS_
PI at.
HCV
_CH
HCHC
_8C
VBC Offf
Ferri tln

Glu Na
BUN K
Uric Acid CI

Creat P04
Bill. T. Ca (T)
SCOT Ca (Ion)
$GPT Hg
A1k. Phos, Osmo].

CPK COZ
LDH tholes.
GGTP Trfg.
AMY HOL

HAVAb

HbsAg
C._P
RPR

[mmunolaay Endocrinoloay

T. Protein
A1bumJn

Alpha-1
Alpha-2
Beta
Gamma
L|poDroteJn Aloha 1
Ltpoprotetn Pre-Beta
Ltpoprotetn Beta
LOH Zsoeflz_me
CPK Isoenz3ae
C3
C4

Z_
IgO
[gE
Trans_rerrfn

Ha_toglobtn
A1pha-Z-Hacroglobulln
AIpha-l-AntJ t_psJn

Properdtn F&ctor B

Cortisol

T_H

T4

H_

Insul in

A 1dosterone

Angiotensln I

r
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TABLE 2
URINE PARAMETERS - ASTRONAUT ANNUAL ANO FLIGHT EXAMS

ROUTINE URINALYSIS

Ch(_istry (qualitative)

Nitrite

pH
Protein
Glucose
Ketones
Urobiltnogen
8tltrubin
8load

Leukocytes
Specific Gravity
Color

Appearance

Ntcroscooic Exam

W8C
RBC
Epithelial
Mucus
Casts
Crystals
Bacteria

Parasites

cells

B-21



TABLE 3
24 HOUR URINE PARAHETERS - ASTRONAUT FLIGHT EXAHS

Chemistry

Volume

Specif'tc Gravtty
Os_larlty
Na

K

CI

Ca

Hg
P04
Uric Acid

Creatinine

Oxalate

Citrate

E_ndocrfnoloqy

AIdosterone
Cortisol
Testosterone
Total Epinephrine
Total Nore_inephrine
AOH

Heavy Meta]s

Arsenfc

Cadmium
Chromium
Lead

Mercury



APPEHO[X 3

Throat swab w_11 be processed for t_e following viruses and aycoplasmas:

° ]_nfluenza

• Parainfluenza

• Herpes Simplex

• Adenovi ruses

• Coxsac_e

• Rhinovi rus

• " Enl".erov_ rus

• I_copl_sma pneumonia°
i

• - l_coplasma hom_n1 s
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OISC1JSSIONQUESTIONS

• Do we need to define an fnflfght ¢apabflfty for the following
mtcrobfal"agents?

Vfruses

Anaerobes

Chlamydtae

Fflamentous Fungt

Lecjionella

Parasitology

* Should microbial procedures be carrted out tn a glove box?

* Is the Quarantine Pertod appropriate?

• Is a preflight venereal dtsease screening needed?

• What: antibiotics should be thcluded tn the Health Hatntenance
Facility?

Should ¢_,_members be vaccinated agatns_ spectft¢ Infectious disease
agents? Whfch ones?

What add|ttonal capabilities and equipment are needed?

B-24
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